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1. 

SYSTEMAND METHOD FOR GENERATING 
A RHYTHMIC ACCOMPANIMENT FOR A 

MUSICAL PERFORMANCE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The following non-provisional U.S. patent applications 
(including this one) are being filed concurrently, and the 
entire disclosure of the other applications are incorporated by 
reference into this application in their entirety for all pur 
poses: 

Application Ser. No. 13/941,487, filed Jul. 13, 2013, and 
titled “System and Method for Modifying Musical 
Data. 

Application Ser. No. 13/941,488, filed Jul. 13, 2013, and 
titled “System and Method for Determining an Accent 
Pattern for a Musical Performance.” 

BACKGROUND 

Drum machines and sequencers have long been used to 
generate rhythmic accompaniments for musicians lacking 
access to a full band, drumming proficiency, or a convenient 
means of recording drumming performances. Musicians typi 
cally use prerecorded (“canned') drum loops to create drum 
tracks. Drum sequences with canned loops can be easy to 
create, however they are extremely limited in their applica 
tion. For example, drum loops at 100 beats-per-minute 
(BPM) may not be useable at 130 BPM without significant 
sample editing and waveform manipulation (e.g., slicing, cut 
ting, etc.). Furthermore, canned loops tend to sound formu 
laic and repetitive. In short, conventional methods of creating 
drum tracks using a drum machine or sequencer is typically 
cumbersome and tedious, with few customizable options that 
yield unconvincing artificial performances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified diagram illustrating aspects of a 
rhythmic accompaniment generation system for generating 
an accompaniment for a musical performance, according to 
an embodiment of the invention. 

FIG. 2 is a simplified flow diagram illustrating aspects of a 
method of generating an accompaniment for a musical per 
formance, according to an embodiment of the invention. 

FIG. 3A illustrates a sample rhythm accompaniment uti 
lizing basic musical elements, according to an embodiment of 
the invention. 

FIG. 3B illustrates a sample accent pattern of rhythm 
accompaniment, according to an embodiment of the inven 
tion. 

FIG. 3C illustrates a sample system pattern of rhythm 
accompaniment, according to an embodiment of the inven 
tion. 

FIG. 3D illustrates a sample fill pattern, according to cer 
tain embodiments of the invention. 

FIG. 3E illustrates a sample fill pattern, according to cer 
tain embodiments of the invention. 

FIG. 3F illustrates a sample fill pattern, according to cer 
tain embodiments of the invention. 

FIG. 4A illustrates a simplified example of micro-timing 
changes to a note, according to an embodiment of the inven 
tion. 

FIG. 4B illustrates a simplified example of micro-timing 
changes to a note, according to an embodiment of the inven 
tion. 
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2 
FIG. 4C illustrates a simplified example of micro-timing 

changes to a note, according to an embodiment of the inven 
tion. 

FIG. 4D illustrates a simplified example of adding micro 
dynamics and embellishments to a beat, according to an 
embodiment of the invention. 

FIG. 5A illustrates an input interface for a rhythm accom 
paniment generation system, according to an embodiment of 
the invention. 

FIG. 5B illustrates an X-Y Pad configured to control the 
complexity and Volume of the resulting rhythm accompani 
ment, according to an embodiment of the invention. 

FIG. 5C illustrates input knobs configured to control 
rhythm characteristics, according to an embodiment of the 
invention. 
FIG.5D illustrates a preset selector for an input interface, 

according to an embodiment of the invention. 
FIG.5E illustrates a focus element selector for a rhythmic 

accompaniment, according to an embodiment of the inven 
tion. 

FIG. 5F illustrates element presets for a rhythmic accom 
paniment, according to an embodiment of the invention. 

FIG. 6A illustrates a plurality of selectable drumming 
styles for different musical genres to be applied to a rhythmic 
accompaniment, according to an embodiment of the inven 
tion. 

FIG. 6B illustrates a number of drumming styles within the 
indie rock genre, according to an embodiment of the inven 
tion. 

FIG. 6C illustrates a particular drumming style within the 
indie rock style, according to an embodiment of the invention. 

FIG. 7A illustrates a conventional method of applying a 
shuffle groove to a Musical Instrument Digital Interface 
(MIDI) performance, according to an embodiment of the 
invention. 

FIG. 7B illustrates a MIDI pattern of arpeggiated chords 
prior to applying a non-continuous shuffle groove template, 
according to an embodiment of the invention. 

FIG. 7C illustrates a MIDI pattern of arpeggiated chords 
after applying a non-continuous shuffle groove template, 
according to an embodiment of the invention. 

FIG. 8A illustrates an improved method of applying a 
shuffle groove to a MIDI performance, according to an 
embodiment of the invention. 

FIG. 8B illustrates a MIDI pattern 850 of arpeggiated 
chords prior to applying a continuous shuffle groove tem 
plate, according to an embodiment of the invention 

FIG. 8C illustrates a MIDI pattern 880 of arpeggiated 
chords after applying a continuous shuffle groove template, 
according to an embodiment of the invention. 

FIG.9 is a simplified flow diagram illustrating aspects of a 
method of generating a shuffle groove for a musical accom 
paniment, according to an embodiment of the invention. 

FIG. 10 is a simplified flow diagram illustrating aspects of 
a method of applying multiple layers of groove templates to a 
musical accompaniment, according to an embodiment of the 
invention. 

FIG.11 illustrates a sample track of a musical performance 
separated by section, according to an embodiment of the 
invention. 

FIG. 12 is a simplified diagram illustrating the amplifica 
tion and processing of an audio waveform, according to an 
embodiment of the invention. 

FIG. 13 illustrates an analysis of a musical performance to 
determine an accent pattern, according to an embodiment of 
the invention. 
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FIG. 14 illustrates aspects of accent pattern matching, 
according to an embodiment of the invention. 

FIG. 15 is a simplified diagram illustrating the processing 
of a MIDI signal, according to an embodiment of the inven 
tion. 

FIG. 16 illustrates an analysis of a musical performance to 
determine an accent pattern, according to an embodiment of 
the invention. 

FIG. 17 illustrates aspects of accent pattern matching, 
according to an embodiment of the invention. 

FIG. 18 illustrates the process of generating a rhythm 
accompaniment based on a reference accent pattern, accord 
ing to an embodiment of the invention. 

FIG. 19 is a simplified flow diagram illustrating aspects of 
a method of generating an accompaniment for a musical 
performance, according to an embodiment of the invention. 

FIG. 20 is a simplified flow diagram illustrating aspects of 
a method of identifying a plurality of events in musical data, 
according to an embodiment of the invention. 

FIG. 21 illustrates an example of a system that can enable 
a user to generate a rhythmic accompaniment for a musical 
performance, according to an embodiment of the invention. 

FIG. 22 illustrates a computer system, according to an 
embodiment of the present invention. 

FIG. 23 depicts a simplified diagram of a distributed sys 
tem for providing a system and method for generating a 
rhythmic accompaniment, according to certain embodiments 
of the invention. 

DETAILED DESCRIPTION 

In the following description, for the purposes of explana 
tion, specific details are set forth in order to provide a thor 
ough understanding of embodiments of the invention. How 
ever, it will be apparent that various embodiments may be 
practiced without these specific details. 

Certain embodiments of the invention relate to the auto 
matic creation of a continuously changing rhythmic musical 
accompaniment for a given musical performance based on (1) 
customizable input parameters, (2) musical arrangement 
data, and (3) characteristics of the musical performance (i.e., 
musical performance data). For example, embodiments of the 
invention can analyze a live or recorded guitar track and 
automatically generate a suitable percussive accompaniment 
(e.g., drum track) based on characteristics of the performance 
(e.g., audio waveform, Musical Instrument Digital Interface 
(MIDI) data, etc.), characteristics of the arrangement (e.g., 
chorus, intro, etc.), and input parameters selecting a desired 
genre, stylistic embellishments, and more. Thus, a fully cus 
tomizable automatic rhythmic accompaniment can be gener 
ated “on the fly' and manipulated in real-time for a realistic 
and human Sounding performance. 

In some embodiments, user customizable input parameters 
can include Volume, accompaniment complexity, instrument 
type (e.g., drum kit type), genre type (e.g., rock, R&B, jazz, 
Soul, etc.), shuffle controls, and more. By allowing a user to 
select a genre and change accompaniment parameters and 
characteristics, an appropriate rhythmic accompaniment can 
be created that better suits the musical performance. For 
example, a rock-and-roll style accompaniment may better 
Suit a hard rock guitar performance than would a brushed jazz 
accompaniment. However, any desired combination of user 
parameters can be implemented. 

In certain embodiments, musical arrangement data can 
identify the basic architectural elements of Song, Such as 
verse, chorus, bridge, or the like. Identifying a song section 
can be useful in determining an appropriate rhythmic accom 
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4 
paniment. For example, an intro to a song may be relatively 
quiet, Subtle, or may slowly increase in Volume and complex 
ity, while a chorus section may be up front, loud, lively, and 
catchy. Consequently, one embodiment may generate an intro 
section with simple percussive arrangements at low volume 
with focus on rim shots and ping rides, and a chorus section 
with complex beats at high Volume with a focus on kick and 
snare drums with crash cymbals. It should be noted that 
musical arrangement data can be an optional element and 
may not be required to generate a rhythmic accompaniment. 

Musical performance data can be broken down to its 
elemental components such that the basic or fundamental 
underlying beat, known as an accent pattern, can be deter 
mined. Once the accent pattern of the musical performance is 
determined, a matching accent pattern (i.e., same fundamen 
tal beat) in a musical elements database can be used to create 
a suitably matching rhythmic accompaniment. Musical per 
formance data can be in any suitable electronic form includ 
ing audio sample(s), MIDI track(s), or other musical data of 
musical performances such as guitar riffs, piano melodies, 
bass lines, or any rhythm or melody from any real or virtual 
instrument. By determining the accent pattern of a musical 
performance, implementing user input parameters, and con 
sidering musical arrangement data, a very well Suited rhyth 
mic accompaniment for the musical performance can be auto 
matically generated and customized to user preference. In 
Some embodiments, the automatically generated rhythmic 
accompaniment can be generated passively or in real-time. 

FIG. 1 is a simplified diagram illustrating aspects of a 
rhythmic accompaniment generation system (RAGS) 100 for 
generating an accompaniment for a musical performance, 
according to an embodiment of the invention. System 100 
includes a musical elements database (MED) 120 that is 
electrically coupled to a musical database filtering block 160. 
A user interface 130, a musical arrangement block 140, and a 
musical performance block 150, are all communicatively 
coupled (e.g., electrically, optically, etc.) to filtering block 
160. The output of filtering block 160 is communicatively 
coupled to MIDI generation block 170. MIDI generation 
block 170 is communicatively coupled to one or more soft 
ware instruments 180. 

Block 110 can be a live performance recorded offline and 
fed into the musical elements database 120. The recorded 
performances of block 110 can be used to establish a cata 
logued library of the various musical elements (e.g., accents, 
systems, etc.) that can be used to create the accompaniments 
described herein. Block 110 can be a live recorded drummer, 
however alternative embodiments may employ any Suitable 
recordings, samples, etc., of the basic elements (e.g., accents, 
systems, fills, etc.) of percussive, melodic, or harmonic per 
formances. For example, musical elements from guitar, bass, 
violin, piano, or other instrument, virtual or otherwise, can be 
used to populate the musical elements database 120. It should 
be noted that other alternative sources of musical elements 
can be implemented, as would be appreciated by one of 
ordinary skill in the art with the benefit of this disclosure. 

Musical elements database 120 can be a vast library of 
basic elements that can be used to create a musical accompa 
niment. MED120 can include micro-timing data 122, micro 
dynamics data 123, System pattern 124, accent pattern data 
126, and fills data 128. In some embodiments, micro-timing 
data 122 relates to shifting a note in time relative to a refer 
ence point typically by a small positive or negative amount to 
simulate a “feel' or groove of a particular style of music or 
playing style. In some aspects, micro-dynamics data 123 can 
include small rhythmic embellishments to simulate particular 
styles of music. For example, adding micro-dynamics may 
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include adding double stick hits, flams, or ghost notes on a 
Snare or tom-tom track. Accent pattern data 126 can relate to 
the basic elements of a given rhythm, i.e., the basic or funda 
mental beat. In some implementations, a plurality of stored 
accent pattern data, referred to as reference accent pattern 
data, is compared to accent patterns gleaned from musical 
performances (e.g., musical data) to find a closest match. 
Once an acceptable match is found, the reference accent 
pattern is used as a baseline or starting point in generating the 
rhythmic accompaniment, as further described below. Sys 
tem pattern data 124 can be an accompaniment pattern that 
can be combined with different accent patterns. For example, 
one system pattern may include a series of straight 8th note 
hi-hats, triplets, or any Suitable configuration of notes that 
typically do not constitute an accent pattern. Fills data 128 
typically includes one or more short breaks in a particular 
rhythm that “fills in the gaps' or, for example, indicates the 
end of a musical bar. It should be noted that although particu 
lar musical elements are described herein, more or fewer 
types of musical elements can be used to generate rhythms, as 
would be appreciated by one of ordinary skill in the art with 
the benefit of this disclosure. 

User input block 130 can include a user interface to receive 
one or more user defined parameters to influence the musical 
accompaniment. Some definable parameters can include a 
performance Volume, rhythmic complexity, instrument type 
(e.g., drum kittype), genre type (e.g., rock, jazz, fusion, R&B, 
alternative, folk, etc.), Swing, focus (e.g., emphasis on kick, 
Snare, or hi-hat, etc.), and more. In some cases, each definable 
parameter can be configured in a default setting, or can be 
controlled by macros or global preset values, as would be 
appreciated by one of ordinary skill in the art. In certain 
embodiments, input parameters may be automated in 
response to detected musical performance characteristics. 
For example, if a musical performance (i.e., performance 
data) is determined to have a fast tempo, with loud and fre 
quent accents, then input parameters that complement those 
features may be automatically selected (e.g., increased Vol 
ume, simple beat pattern, etc.). Input parameters are further 
discussed below with respect to FIGS.5A-10. 

Musical arrangement block 140 can perform an algorith 
mic analysis of a musical performance to identify the basic 
architectural elements of Song, such as verse, chorus, bridge, 
or the like. This may be useful when generating an appropri 
ate accompaniment for different portions of a song. For 
example, an accompaniment may tend to be livelier during a 
chorus section (e.g., louder, more complex, etc.) than during 
an intro section. In certain embodiments, musical arrange 
ment data can be an optional element and may not be required 
to generate a rhythmic accompaniment. 

Musical performance block 150 can be configured to per 
forman algorithmic analysis of a musical performance (e.g., 
guitar riff, piano riff, bass line, etc.) to determine its basic 
rhythmic components (e.g., accent pattern). The accent pat 
tern of the musical performance can be matched with a num 
ber of reference accent patterns 126 in musical elements 
database 120 to help generate an appropriate rhythm accom 
paniment for the musical performance, as further discussed 
below. In some embodiments, system patterns, fills, micro 
timing characteristics, and/or micro-dynamics characteristics 
can also be algorithmically determined, which can be used to 
determine which musical style of accompaniment would be 
most appropriate for the musical performance. For example, 
if the musical performance is very sloppy and consistently 
varies behind the beat, then RAGS 100 may generate a simi 
larly patterned accompaniment. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Musical database filtering block 160 is configured to filter 

the musical elements database 120 based on inputs from the 
user input block 130, the musical arrangement block 140, and 
the musical performance block 150, to determine an appro 
priate combination of musical elements (i.e., accent patterns, 
system patterns, etc.) to create a suitable accompaniment for 
a particular musical performance. The selected combination 
of musical elements can be algorithmically based, probability 
and/or statistically based, rule based, or any suitable method 
of filtration and any combination thereof, as would be appre 
ciated by one of ordinary skill in the art with the benefit of this 
disclosure. 
To illustrate the filtering process, a non-limiting example is 

provided. According to an embodiment, filtering block 160 
receives input parameters from input block 130 indicating a 
low volume, complex rhythm in a jazz style with a 50% 
shuffle feel and a high number of fills. The particular jazz 
style selected (selected by player “personality') is a style 
replete with micro-timing dynamics but few micro-timing 
shifts. Filtering block 160 receives an indication from musi 
cal arrangement block 140 that the rhythmic accompaniment 
is for a verse section. Finally, filtering block 160 receives an 
indication from musical performance block 150 that a musi 
cal performance has a particular accent pattern. Filtering 
block 160 accesses musical elements database 120 and filters 
through the library of musical elements (e.g., reference accent 
patterns, system patterns, etc.) to find a combination that 
meets the requirements of each input 130, 140,150 (e.g., jazz 
style, shuffle feel, etc.). For example, filtering block 160 
searches through and filters the library of reference accent 
patterns 126 to find one or more that match the accent pattern 
of the musical performance. The reference accent pattern is 
selected (e.g., by algorithmically selected, probability-based 
selection, etc.) and filtering block determines an appropriate 
combination of reference system patterns, reference fills, ref 
erence micro-dynamics, and reference micro-timing data 
based on the selected input parameters 130, 140, 150. 

In certain embodiments, pattern generation is a modular 
framework with some custom made modules and Script lan 
guage that can filter, combine and modify patterns, based on 
the various input parameters described above. For example, 
certain patterns (e.g., accent patterns, system patterns, etc.) 
are sent through different modules that modify the “probabil 
ity of each pattern. In some cases, modules that modify 
probability may be drummer styles (see FIG. 6A-6C). Mod 
ules can be manually authored rules relating to the name and 
content of a particular pattern, or tables can be used that, for 
example, define how well specific pattern combinations work 
together either serially (relating to the previous pattern) or in 
parallel (e.g., relating to other parts like accents, fills, refer 
ence accent pattern, etc.). In some cases, additional to the 
filtering rules, certain events (e.g., notes, chords, etc.) can be 
added, deleted, or moved, their velocities or articulations can 
be changed, etc. Furthermore, some modules can define an 
interaction between different parts of the performance (e.g., 
systems reacting to accents), and apply timing and dynamics 
of the groove template patterns (further discussed below). 
MIDI generation block 170 can generate a MIDI perfor 

mance based on the combination of musical elements 
selected by filter block 160. In the example cited above, the 
MIDI-based rhythmic accompaniment may be a jazz-styled 
beat to accompany the musical performance. In Summary, 
MIDI generation block 170 puts together a MIDI-based 
rhythmic accompaniment (e.g., drum beat) for the musical 
performance based on the filtered musical elements and input 
parameters received from filter block 160. In certain imple 
mentations, MIDI block 170 is the output of filter block 160. 
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The output can be a MIDI pattern or sequence of single MIDI 
events that are combined in a MIDI region which is pasted 
into a MIDI track of a host digital audio workstation (DAW). 
The many possibilities of MIDI output configurations would 
be understood by one or ordinary skill in the art. In some 
implementations, other musical formats besides MIDI can be 
used. 

Software instrument 180 can be any suitable MIDI player 
configured to play the MIDI performance generated by MIDI 
generation block 170. In some embodiments, filter block 160, 
MIDI generation block 170, and software instrument 180, or 
certain combinations thereof, may be performed by a single 
functional block of system 100, rather than multiple blocks 
(i.e., certain functional blocks have multiple functionalities). 
Similarly, other blocks (e.g., user input block 130 and musical 
arrangement block 140) can be functionally combined as 
desired. 

FIG. 2 is a simplified flow diagram illustrating aspects of a 
method 200 of generating an accompaniment for a musical 
performance, according to an embodiment of the invention. 
Method 200 can be performed by processing logic that may 
comprise hardware (e.g., circuitry, dedicate logic, etc.), soft 
ware (which as is run on a general purpose computing system 
or a dedicated machine), firmware (embedded software), or 
any combination thereof. In one embodiment, method 200 is 
performed by elements of system 100 of FIG.1. For example, 
method 200 can be performed by musical elements database 
120, musical performance block 150, filter block 160 and 
MIDI generation block 170. 

At 210, method 200 begins with storing a plurality of 
musical elements in a database. In some embodiments, the 
database can be musical elements database 120 of FIG.1. The 
musical elements can include a plurality of reference accent 
pattern data, reference system pattern data, fills data, micro 
timing data, micro-dynamics data, and more. The reference 
accent data can be a pattern of accentuated musical events 
(i.e., “reference accent pattern data') that defines the basic 
component elements or fundamental beat elements of a 
rhythm. System reference data can be a pattern of non-accent 
(i.e., non-accentuated) musical events and can be combined 
with accent patterns. Fills data 228 typically includes one or 
more shortbreaks in a particular rhythm that “fills in the gaps’ 
or, for example, indicates the end of a musical bar. Micro 
timing data 222 can relate to shifting a note in time relative to 
a reference point by a small positive or negative amount to 
simulate a “feel” or groove of a particular style of music. 
Micro-dynamics data 223 can include small rhythmic embel 
lishments to simulate particular styles of music. Although 
particular musical elements are described herein, more or 
fewer types of musical elements can be used to generate 
rhythms, as would be appreciated by one of ordinary skill in 
the art with the benefit of this disclosure. 

At 220, method 200 continues with algorithmically ana 
lyzing a musical performance to determine its basic rhythmic 
components. This can be generally referred to as processing 
performance data. Processing performance data can include 
receiving input data corresponding to a musical performance, 
determining one or more patterns of accentuated events in the 
musical performance, matching the pattern of accentuated 
events (i.e., accent pattern) from the musical performance to 
one or more reference accent patterns from the accent refer 
ence data of musical elements database 120, and selecting one 
of the matching reference accent patterns to generate an 
appropriate rhythm accompaniment for the musical perfor 
mance, as further discussed below. In certain embodiments, 
the algorithmic analysis of a musical performance can be 
performed by musical performance block 150 of FIG. 1. 
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8 
At 230, method 200 continues with receiving and analyz 

ing input data that can include one or more automatically 
selected or user selected parameters (e.g., performance 
parameters) to influence the rhythmic accompaniment. This 
can be generally referred to as processing input data. Some 
definable parameters can include a Volume, rhythm complex 
ity, instrument type (e.g., drum kit type), genre type (e.g., 
musical styles including rock, jazz, fusion, R&B, alternative, 
folk, etc.), Swing, focus (e.g., emphasis on kick, Snare, or 
hi-hat, etc.), and more. In some cases, each definable param 
eter can be configured in a default setting, or can be controlled 
by preset values, as would be appreciated by one of ordinary 
skill in the art. In some embodiments, input data and any 
interface thereof (e.g., GUI, touch sensor interface, etc.) is 
controlled and operated by user input block 130 of FIG. 1. 
At 240, method 200 includes analyzing arrangement data 

to determine the basic architectural elements of song, such as 
verse, chorus, bridge, or the like. This can be useful when 
generating an accompaniment for different portions of a par 
ticular song. For example, an accompaniment may tend to be 
livelier or showcase a “hook' during a chorus section (e.g., 
louder, more complex, etc.), rather than during an intro sec 
tion. Thus, constantly changing Song sections can lead to a 
continuously changing rhythmic accompaniment defined by 
the particular song section type, as well as the selected genre, 
existing tracks, player character attributes, user guided per 
formance parameters, and the like. In some embodiments, 
arrangement data is not required or considered when creating 
a musical accompaniment and can be omitted from the 
accompaniment generation process. In some implementa 
tions, the arrangement analysis is performed by musical 
arrangement block 140 of FIG. 1. 
At 250, method 200 includes generating a musical accom 

paniment using the processed performance data (e.g., 
selected musical elements from the database), the selected 
musical style, and the selected one or more musical perfor 
mance parameters, where the musical accompaniment 
includes a plurality of musical elements (e.g., notes, chords, 
etc.) configured in a predetermined sequence (e.g., along a 
musical bar). The selected combination of musical elements 
can be algorithmically based, probability and/or statistically 
based, rule based, or the like. It should be noted that any 
suitable method offiltration and any combination thereof can 
be used. In some embodiments, the arrangement analysis is 
performed by the generative MIDI musical performance 
block 170 of FIG.1. Although the examples provided herein 
describe musical accompaniment as MIDI-based, any Suit 
able standard can be used, as would be appreciated by one of 
ordinary skill in the art with the benefit of this disclosure. 

It should be appreciated that the specific steps illustrated in 
FIG. 2 provides a particular method of generating a rhythmic 
accompaniment for a musical performance, according to an 
embodiment of the present invention. Other sequences of 
steps may also be performed according to alternative embodi 
ments. In certain embodiments, method 200 may perform the 
individual steps in a different order, at the same time, or any 
other sequence for a particular application. For example, 
alternative embodiments may determine an accent pattern for 
a musical performance and use that pattern in lieu of a refer 
ence accent pattern from musical elements database 120 to 
generate the rhythmic accompaniment. Moreover, the indi 
vidual steps illustrated in FIG. 2 may include multiple sub 
steps that may be performed in various sequences as appro 
priate to the individual step. Furthermore, additional steps 
may be added or removed depending on the particular appli 
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cations. One of ordinary skill in the art would recognize and 
appreciate many variations, modifications, and alternatives of 
the method. 

Input Data 
FIG. 3A illustrates a sample rhythm accompaniment 300 

utilizing basic musical elements, according to an embodi 
ment of the invention. Using accompaniment 300 as a basic 
model, musical elements including accents, systems, and fills 
are illustrated and described below. Accompaniment 300 
depicts a four measure bar 310 with a given beat pattern in a 
sequenced format. In musical notation, a bar (or measure) is 
a segment of time defined by a given number of beats, each of 
which are assigned a particular note value. Dividing music 
into bars provides regular reference points to pin point loca 
tions within a piece of music. In this example, each measure 
has 4 beats for a total of 16 beats for the bar, although any 
Suitable arrangement, grouping, number of beats, etc., can be 
used. Accompaniment 300 includes a bass drum track 304, 
snare drum track 305, a hi-hat track 306, and a cymbal track 
307, with a plurality of quantizing segments 302 along the bar 
310 for each track. Black sections indicate an event (e.g., 
note, chord, etc.) is present, and white indicates no event (e.g., 
silence). In the sequenced arrangement shown, a bass drum 
sample is triggered in the first beat of the first measure and the 
third beat of the third measure. A Snare drum sample is trig 
gered in the first beat of the second measure and the fourth 
measure. A hi-hat sample is triggered for every beat along the 
bar. A cymbal sample is triggered in the first beat of the first 
measure. Any Suitable time signature, tempo, any number of 
tracks, any type of sample file, combination tracks, etc., can 
be used, as would be appreciated by one of ordinary skill in 
the art. The various samples described herein can be MIDI 
triggered samples, or any other Suitable format as would be 
appreciated by one of ordinary skill in the art with the benefit 
of this disclosure. 

FIG. 3B illustrates a sample accent pattern 320 of rhythm 
accompaniment 300, according to an embodiments of the 
invention. Accent pattern 320 can be a pattern of accentuated 
musical events (e.g., “accent pattern data') that defines the 
basic component elements, main beat, or “essence' of a 
rhythm. In some cases, the accent can be broken down to a 
simple bass and Snare drum pattern. However, other samples, 
Sounds, and the like can be used to define the accent pattern 
(e.g., tom toms, crash cymbals, etc.). Other well-known 
accent patterns that can be used to define the basic beat of the 
song include the iconic kick-clap beat of Queen’s “We Will 
RockYou,” the kick-snare beat for the intro to Guns 'n Roses 
"Paradise City, and the static bass-Snare beat spanning most 
of Led Zeppelin’s “Kashmir.” In some embodiments, refer 
ence accent patterns are stored in a musical elements database 
120 and can be divided into separate libraries containing 8" 
note and 16" note positions. However, any type of reference 
accent patterns can be stored (e.g.,32" note positions, etc.) as 
required by design. 

FIG. 3C illustrates a sample system pattern 330 of rhythm 
accompaniment 300, according to an embodiment of the 
invention. System patterns can be a pattern of non-accent 
musical events and can be combined with accent patterns. For 
example, a system pattern may include eighth note or triplet 
patterns that one may expect to hear a drummer play on a 
hi-hat or ride cymbal. In this example, system pattern 330 
includes a hi-hat pattern triggered for every beat along the bar. 
Fewer beats, more beats, or any configuration of system pat 
terns can be used, as would be appreciated by one of ordinary 
skill in the art. Furthermore, system patterns can be very 
simple to very complex and can employ any number of 
samples (e.g., combination of hi-hats and tom-toms, etc.) to 
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10 
create the system pattern. In some embodiments, system pat 
terns are independent of the other musical elements (e.g., 
independent of accent patterns, fills, etc.). 

FIGS. 3D-3F illustrate a sample fill pattern 340, according 
to certain embodiments of the invention. Fill patterns typi 
cally include one or more short breaks in a particular rhythm 
that “fills in the gaps' or, for example, indicates the end of a 
musical bar. Fill 340 of FIG. 3D, for example, includes a 
series of Snare samples that may be heard at the end of a 
musical bar. Fill 342 of FIG. 3E includes two Snare hits 
followed by a short drum roll across small 308 and medium 
309 tom-tom drum tracks. Fill 344 of FIG.3F includes a short 
drum roll followed by a kick and cymbal crash. Fills can be of 
any length, style, or characteristic, as would be appreciated 
and practically applied by those of ordinary skill in the art. 

FIG. 4A is a simplified diagram illustrating an example of 
implementing micro-timing changes to a note, according to 
an embodiment of the invention. Micro-timing changes can 
include shifting a note in time relative to a reference point by 
a Small positive or negative amount to simulate a “feel” or 
groove of a particular style of music or a particular propensity 
of a certain drummer. For example, some drummers may tend 
to play slightly before or after the beat. Simulating these small 
micro-timing changes in a note can make an exacting com 
puter-generated beat sound more realistic. Bar 410 includes a 
sequence of segments with a Snare sample triggered at mea 
sure 1, 2, and 3, as indicated by the filled segments 411 and 
412. Snare note 413 illustrates a substituted snare sample with 
a negative shift of delta 415 from segment 411. Snare note 414 
illustrates a Substituted Snare sample 414 with a similar nega 
tive shift of delta 415 from segment 412. By implementing 
micro-time shifted snare samples 413, 414, the snare beat 
sequence emulates a player who plays certain notes slightly 
before the beat. It should be noted that the various “notes' or 
“chords' described herein can be events. For example, a 
MIDI event can be any note, chord, metadata, or any suitable 
type of data associated with a position along a musical bar or 
suitable time reference. 

FIG. 4B illustrates a simplified diagram illustrating an 
example of implementing micro-timing changes to a note, 
according to an embodiment of the invention. Bar 420 
includes a sequence of segments with a Snare sample trig 
gered at measure 1, 2, and 3, as indicated by the filled seg 
ments 411 and 412. Snare note 422 illustrates a substituted 
snare sample with a positive shift of delta 425 from segment 
411. Snare note 423 illustrates a substituted snare sample with 
a similar positive shift of delta 425 from segment 412. By 
implementing micro-time shifted Snare samples 413, 414, the 
Snare beat sequence emulates a player who tends to play 
certain notes slightly after the beat. 

FIG. 4C illustrates a simplified diagram illustrating an 
example of implementing micro-timing changes to a note, 
according to an embodiment of the invention. Bar 430 
includes a sequence of segments with a Snare sample trig 
gered at measure 1, 2, and 3, as indicated by the filled seg 
ments 411 and 412. Snare note 432 illustrates a substituted 
snare sample with a large negative shift of delta 435 from 
segment 411. Snare note 414 illustrates a substituted snare 
sample with a smaller negative shift of delta 437 from seg 
ment 412. By implementing micro-time shifted Snare 
samples 432, 433, the Snare beat sequence emulates a 
“sloppy' or “loose' player who tends to play before the beat. 
This may be desired for more of a raw or “garage” type 
performance, which may be a suitable accompaniment for 
certain styles of music (e.g., punk, hardcore, rock, etc.). 

FIG. 4D illustrates a simplified example of adding micro 
dynamics and embellishments to a rhythmic accompaniment, 
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according to an embodiment of the invention. Micro-dynam 
ics can include Small rhythmic embellishments to simulate 
particular styles of music. In some cases, micro-dynamics can 
be related to the Velocities of events (e.g., playing notes or 
events louder or softer). Bar 440 includes a sequence of 5 
segments with a Snare sample triggered at measure 1, 2, and 3. 
as indicated by the filled segments 411 and 412. Snare note 
(event) 442 depicts a softer played Snare event as indicated by 
the smaller box 442. Alternatively, the snare event may be 
louder (larger box 442). In certain implementations, rhythmic 
embellishments may be used to enhance a performance. 
Snare events 444, 446, and 448 illustrate additional snare hits 
(e.g., double strokes, flams, rolls, ghost notes, etc.) to add 
stylistic flare to an otherwise static snare beat. The notes are 
typically added to the performance, rather than substituted 
like micro-timing changes. Embellishments can include extra 
notes, ghost notes, and the like, and can be placed in any 
suitable location in the rhythm. In addition to note location, 
micro-dynamics can include changes in note tone, color, tim 
bre, and more, as would be appreciated by one of ordinary 
skill in the art with the benefit of this disclosure. 

FIG. 5A illustrates an input interface 500 for a rhythm 
accompaniment generation system, according to an embodi 
ment of the invention. Input interface 500 includes a number 
of configurable input elements including Preset selector 505, 
X-Y Pad 510, Focus Element Selector 520, element presets 
530, and input knobs 540. The depiction of input interface 
500 is but one of any number of configurations or represen 
tations, and any number of configurable inputs can be added 
or removed in any Suitable format or configuration. In certain 
embodiments, the input interface is a user interface config 
ured to receive input from a user to change or control certain 
characteristics of the generated rhythm accompaniment, as 
further described below. 

FIG. 5B illustrates an X-Y Pad 510 configured to control 
the complexity and Volume of generated rhythm accompani 
ment, according to an embodiment of the invention. Move 
ment along the X-axis affects the complexity of the rhythm 
accompaniment. Movement along the Y-axis affects the Vol 
ume (i.e., intensity) of the rhythm accompaniment. A user 
manipulable puck 515 can be maneuvered around the X-Y 
Pad 510 to affect the complexity and volume of the rhythm 
accompaniment based on its location. The puck (or any con 
trol element thereof) can be controlled by a user, by automa 
tion, preset configurations, or the like. As shown, puck 515 is 
configured to produce a very loud (i.e., maximum Volume) 
and Substantially complex (i.e., near maximum complexity) 
rhythm accompaniment based on its relative position in the 
X-Y domain. Puck 517, on the other hand, is positioned to 
produce a relatively soft or low Volume and a very simple (i.e., 
minimum complexity) accompaniment based on its relative 
position in the X-Y domain. Typically, only one puck is used 
in X-Y Pad 510 and multiple pucks are shown here for illus 
tration. 

FIG. 5C illustrates input knobs 540 configured to control 
rhythm accompaniment characteristics, according to an 
embodiment of the invention. Input knobs 540 includes a fills 
control 534 and a swing control 536. Fills control 534 con 
trols the likelihood of fills being played in a given rhythmic 
accompaniment. For example, with fills control 534 set at 
25%, the likelihood of a drum fill being played at the end of a 
particular bar is relatively low (e.g., 25% of the time at the end 
of an 8 bar or 16 bar groove). Conversely, with fills control 
534 set at 95%, the likelihood of a drum fill being played at the 
end of a particular bar or throughout the rhythmic accompa 
niment is very high (e.g., 95% of the time at the end of an 
8-bar or 16-bar groove, as well as interspersed fills through 
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12 
out the rhythm). Swing control 536 controls an amount of 
shuffle “feel currently playing in the rhythm accompani 
ment. In some embodiments, Swing control 536 can be asso 
ciated with particular groove templates as further described 
with respect to FIGS. 6-9. In some cases, the intensity and 
complexity of the fills are related to the intensity and com 
plexity of the beat, as set in X-Y pad 510. Fills and swing 
characteristics are well understood by those of ordinary skill 
in the art. 
FIG.5D illustrates a preset selector 505 for an input inter 

face 500, according to an embodiment of the invention. Preset 
selector 505 includes a number of presets (e.g.,506,507) with 
global or macro-like properties to allow a quick selection of 
characteristics across some or all of the configurable input 
elements. For example, the “Lights Out' preset 506 may 
produce a simple, low Volume accompaniment (e.g., via X-Y 
Pad 510) with low swing (e.g., swing control 536) and few 
fills (e.g., fill control 534). Any number of presets and preset 
configuration can be used and are not limited by the examples 
described herein. 
FIG.5E illustrates a focus element selector 520 for a rhyth 

mic accompaniment, according to an embodiment of the 
invention. Focus element selector 520 includes images of a 
tambourine 524, a shaker 525, a handclap 526, and a drum kit 
including bass drum 521, Snare drum 522, and hi-hat 523. In 
practice, focus selector 520 allows a user to select a particular 
rhythmic focus for an accompaniment. For example, select 
ing Snare 522 will cause the rhythmic accompaniment to have 
an emphasis on Snare hits and possibly assign Snare hits to 
accent notes. Similarly, selecting handclap 526 will cause the 
rhythmic accompaniment to include an increased number of 
hand claps. In some embodiments, selecting a focus element 
(e.g., Snare 522) causes the rhythm accompaniment system 
pattern to place an emphasis on the selected element. In other 
words, selecting Snare 522 causes aheavy snare-laden system 
pattern, accent pattern, or any combination thereof to be 
generated. Other drum elements may be included (e.g., tom 
toms, rides, crash cymbals, etc.) and function similarly as 
described herein. In some embodiments, multiple elements 
can be selected as focus elements. Furthermore, kit pieces 
(e.g., hand clap, cymbals, toms, etc.) can be enabled and 
disabled through the same interface. 

FIG. 5F illustrates element presets 530 for a rhythmic 
accompaniment, according to an embodiment of the inven 
tion. Kick and snare preset 532 includes a number of preset 
combinations of kick and Snare beats that can be applied to the 
rhythmic accompaniment. In some embodiments, the kick 
and Snare beats are applicable to a predetermined accent 
pattern. For example, by pressing the “follow' button 533, the 
kick and Snare patterns include accent patterns similar to the 
accent pattern of the musical performance, as determined by 
musical performance block 150 of FIG. 1. In certain imple 
mentations, other presets including hi-hat, percussion (e.g., 
tambourine, hand clap, etc.), or the like, can be included as 
element presets 530. In some aspects, element presets 530 
include a slider with fixed values to switch between different 
variations of certain aspects of a performance, as described 
above (e.g., different kick/snare patterns for a particular per 
formance, etc.). Similarly, some elements can include further 
controls to change their tonal characteristics, such as tuning 
kit pieces, opening/closing a the hi-hat, changing the relative 
intensity of ghost notes or other syncopated strokes on a 
kick/snare performance, etc. 
As described above, a rhythmic accompaniment can be 

based on a musical performance (e.g., on track 1). Alterna 
tively, a rhythmic accompaniment can be based on multiple 
tracks (e.g., guitar track and bass track). For example, a rhyth 



US 9,012,754 B2 
13 

mic accompaniment may be based on an accent pattern of the 
guitar track and later Switch to an accent pattern of the bass 
track. In some cases, the rhythmic accompaniment may be 
based on a combination of accent pattern elements from both 
tracks. 5 

FIG. 6A illustrates a plurality of selectable drumming 
styles 610 for a variety different musical genres to be applied 
to a rhythmic accompaniment, according to an embodiment 
of the invention. Drumming styles can be used as a macro or 
preset to quickly select and filter certain desired musical 10 
characteristics from a vast assortment of possibilities. The 
drum styles may include a particular genre of music, micro 
timing and micro-dynamic characteristics, kit piece elements 
(e.g., type of drum kit, types of drum pieces used, etc.), and 
the like. The drumming styles 610 shown in FIG. 6A includes 15 
alternative rock, indie rock, Soul and R&B, and songwriter 
styles. Each genre includes certain stylistic characteristics 
including kit piece types, playing styles, etc., that are repre 
sentative of that particular style, and may include further 
sub-genres therein, as shown and described in FIG. 6B below. 20 
It should be understood that any number of styles can be used 
(e.g., jazz, pop, reggae, metal, punk, etc.) and implemented in 
a similar fashion. In certain embodiments, drumming styles 
may be reviewable, accessible, and selectable in a user inter 
face controlled and/or operated by user input block 130. 25 
Although drumming styles are primarily discussed herein, it 
should be understood that rhythmic accompaniments may be 
generated that include stringed instrument, wind instrument, 
brass instrument, etc., Sounds and/or samples, in addition to 
or instead of a percussive drum-based accompaniment. For 30 
example, "drumming styles' may be guitar styles with each 
genre including elements of guitar that are typically included 
in a specific genre (e.g., tight 9" chords stabs with a cleantone 
may be associated with funk guitar). The nearly limitless 
applications, permutations, and appropriate samples and 35 
Sounds that could apply to the various types of rhythmic 
accompaniments and their application to the novel concepts 
described herein would be appreciated by one of ordinary 
skill in the art with the benefit of this disclosure. 

FIG. 6B illustrates a number of drumming styles within the 40 
indie rock genre, according to an embodiment of the inven 
tion. Selecting “indie rock” from the number of genres 
depicted in FIG. 6A opens a folder featuring a plurality of 
selectable drum “personas.” (e.g., “Kurt. “Julio,” “Rose.” 
etc.) each providing a particular musical 'style” with unique 45 
stylistic nuances to the rhythmic accompaniment while still 
retaining stylistic elements of the base genre. For example, 
“Julio' may exhibit different micro-timing and micro-dy 
namic characteristics than "Rose' or “Kurt and be well 
Suited for a particular range of tempo, but still retain basic 50 
elements of indie rock type performances. 

FIG. 6C illustrates a particular drumming style 630 within 
the indie rock style, according to an embodiment of the inven 
tion. The drumming style personified as “Julio' is described 
as '60's alternative' and “disheveled.” In one embodiment, 55 
this style can be a particularly sloppy drum style with fluctu 
ating micro-timing shifts, but tastefully embellished micro 
dynamics that imply the 1960's style of rock. It should be 
noted that any number of personalities, styles, embellish 
ments, or the like, can be grouped or associated in any desired 60 
combination and the “personas' described herein can func 
tion as presets to affect the overall sound and style of the 
rhythmic accompaniment. For example, the 'Julio' persona 
described above can provide presets for Song complexity and 
Volume as well as a small amount of Swing in generated beats. 65 
These same parameters can be individually changed at will 
and can be simply used as starting points for achieving a 

14 
desired Sound or style. In some embodiments, new personas 
can be created and customized to taste. For example, a cus 
tomized persona named 'Animal' may include maximized 
values for volume and fills with minimized shuffle and a 
double bass kit piece. Any combination of configurable 
parameters can be combined and assigned to personal pref 
CCC. 

Groove templates can be selected to change certain musical 
characteristics of a rhythmic accompaniment. In some 
embodiments, groove templates are related to micro-timing 
and micro-dynamic changes. To illustrate groove template 
implementation, the process typically begins with receiving 
musical data. The musical data typically includes reference 
timing data and a Succession of musical notes arranged with 
respect to the reference timing data. For example, this can 
include an arrangement of musical notes (e.g., MIDI notes) 
along a musical bar. The musical bar includes reference tim 
ing data such as a tempo, a timing of individual notes, etc., as 
would be known by one of ordinary skill in the art. A groove 
template can then be selected (e.g., musical style) and the 
arrangement of musical notes is then altered based on the 
selected musical style. The manner in which the notes are 
altered include positive or negative note position shifts from 
an initial position, additional notes for embellishment, and 
more, as described below. 

FIG. 7A illustrates a conventional method of applying a 
shuffle groove to a MIDI performance 700, according to an 
embodiment of the invention. In one embodiment, a shuffle 
groove can utilize an offset-based interpolated non-continu 
ous groove template that can be applied to a series of notes 
along a bar (e.g., MIDI performance). The shuffle groove 
template operates to shift notes along a musical bar by a 
certain amount depending on their position relative to a target 
position to create an artificial "shuffle groove. MIDI perfor 
mance 700 includes notes 720 and 730, with the X-axis 
depicting the position of the notes along bar 705, and the 
Y-axis depicting an amount of offset applied at each position 
along bar 705. The diagonal lines 715,722 indicate a prede 
termined positive or negative offset applied to a note relative 
to a target position 710, 725. In the embodiments shown, the 
positive and negative offsets are non-continuous. For 
example, diagonal line 715 starts positive and decreases lin 
early to a negative value, followed by another diagonal line 
beginning again at a positive value. In one non-limiting 
example, note 720 is located just left of target position 725. 
The positive shift is defined by the magnitude of the y-axis 
displacement of the diagonal line 722 directly above note 
720. The positive shift is then applied to move note 720 
toward target position 725 to create a “shuffle” sound. In 
another example, note 730 is shown just right of target posi 
tion 705, thus a negative shift defined by diagonal line 732 is 
applied to move note 730 toward target position 705. In gen 
eral, the amount of shift required to create the shuffle feel is 
defined by the placement of the target positions and the 
amount of shift associated with each position along the bar. 
Thus, when applying groove templates in this manner, all 
notes are set to their nearest target position or moved towards 
nearest target position by a certain amount (e.g., percentage), 
which leads to a non-continuous offset function. Non-con 
tinuous offset functions can Sound unnatural to the human ear 
and would not typically emulate what a real player would do 
in practice. 

FIG. 7B illustrates a MIDI pattern 750 of arpeggiated 
chords prior to applying a non-continuous shuffle groove 
template, according to an embodiment of the invention. MIDI 
notes 755, 760, and 765 are configured in a chord configura 
tion with slight offsets shown between each vertically adja 
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cent note (i.e., notes 755, 760, and 765 form an arpeggiated 
chord). Similarly, notes 770, 775, and 780 are configured as 
an arpeggiated chord but have more significant offsets 
between vertically adjacent notes. The small offsets between 
Vertically adjacent notes are indicative of realistic sounding 
chords (e.g., arpeggiation) since a real player would be 
unlikely to hit each note at exactly the same time, or may 
intend to hit place small deltas between notes for certain 
stylistic effects. 

FIG. 7C illustrates a MIDI pattern 780 of arpeggiated 
chords after applying a non-continuous shuffle groove tem 
plate, according to an embodiment of the invention. As 
shown, applying an 8" note swing groove template to the 
chords of FIG. 7B causes all of the notes of each chord to be 
quantized to the exact same position. For example, notes 755, 
760, and 765 are aligned to exactly the same position. Simi 
larly, notes 770, 775, and 780 are also aligned to the same 
position. Although the notes have been shifted toward the 
target notes to simulate a Swing feel, the note placement is 
quantized and exacting, resulting in an unnatural and 
mechanical sounding performance. As a result, common 
drum articulations like flams, drags, and rolls, for example, 
would be eliminated using this approach. 

FIG. 8A illustrates an improved method of applying a 
shuffle groove to a MIDI performance 800, according to an 
embodiment of the invention. In an embodiment, a shuffle 
groove can utilize a positive offset-based interpolated con 
tinuous groove template that can be applied to a series of notes 
along a bar (e.g., MIDI performance). The shuffle groove 
template operates to shift notes along a musical bar by a 
certain amount depending on their position relative to a target 
position to create a "shuffle groove (i.e., shuffle dynamic). 
MIDI performance 800 includes notes 820,825,830 and 835, 
with the X-axis depicting the position of the notes along bar 
805, and the Y-axis depicting an amount of offset applied at 
each position along bar 805. Offset line 815 indicates a pre 
determined positive offset applied to a note relative to a target 
position 840, 842, 844 at each point along bar 805. In one 
non-limiting example, note 820 is located just left of target 
position 840 and a positive shift defined by offset line 815 is 
applied to move note 820 toward target position 840 to create 
a “shuffle sound. In a second example, note 825 is shown left 
of target position 842 and a positive shift proportional to 
distance between note 825 and offset line 815 is applied to 
move note 825 toward target position 842. In a third example, 
note 830 is shown left of target position 842 and a positive 
shift proportional to distance between note 830 and offset line 
815 is applied to move note 830 toward target position 842. In 
a fourth example, note 835 is shown left of target position 844 
and a positive shift proportional to distance between note 835 
and offset line 815 is applied to move note 835 toward target 
position 844. In some embodiments, the continuous groove 
template varies in offset between target positions where sub 
stantially no offset is associated with target positions and 
where offset generally increases in non-target positions 
located progressively farther from their next target position in 
the positive direction. Continuous groove templates can be 
curved, linear, or any combination thereof. 

In this particular eighth note shuffle template, only positive 
shifts are applied to the notes. Furthermore, offset line 815 is 
continuous with no gaps or breaks in continuity in-between, 
even when looped end to end in Successive musical bars, with 
an offset value specified for every possible position in the bar. 
Thus, with a continuous offset, the relative position of notes 
(e.g., arpeggiated notes) remains intact, as shown below in 
FIGS. 8B-8C, resulting in a very realistic and authentic 
sounding shuffle sound. Therefore, a shuffle groove can be 
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added to a series of notes and chords while preserving the 
original feel of the performance. Moreover, multiple layered 
groove templates can be applied to a sequence of notes and 
chords, where each layer can retain its qualities independent 
of one another, as further described below with respect to 
FIG. 10. Although the continuous groove template described 
above applies a shuffle groove, it should be understood that 
any of the types of grooves (e.g., micro-timing shifts, micro 
dynamics, etc.) can also use the continuous groove concepts 
described herein. 

FIG. 8B illustrates a MIDI pattern 850 of arpeggiated 
chords prior to applying a continuous shuffle groove tem 
plate, according to an embodiment of the invention. MIDI 
notes 855, 860, and 865 are configured in a chord configura 
tion with slight offsets shown between each vertically adja 
cent note. Similarly, notes 870, 875, and 880 have more 
significant offsets between vertically adjacent notes. The 
small offsets between vertically adjacent notes are indicative 
of realistic Sounding chords since a real player would be 
unlikely to hit each note at exactly the same time, or may 
intend to hit place small deltas between notes for certain 
Stylistic preferences (e.g., arpeggiations). 

FIG. 8C illustrates a MIDI pattern 880 of arpeggiated 
chords after applying a continuous shuffle groove template, 
according to an embodiment of the invention. As shown, 
applying an 8" note swing continuous groove template to the 
chords of FIG. 8B collectively shifts the notes forward to 
create a shuffle feel, yet maintains the original relationship 
between the notes with respect to one another. For example, 
notes 855, 860, and 865 are shifted in a positive direction, yet 
their arpeggiated configuration is maintained. Similarly, 
notes 870,875, and 880 are also shifted in a positive direction 
with their arpeggiated configuration maintained. Thus, a 
shuffle groove is applied to a series of notes and chords, while 
preserving the original feel of the performance for a realistic 
and authentic Sounding Swing groove. 
As result, common drum articulations like flams, drags, 

and rolls are maintained when the groove template is applied. 
This also applies to chords where the notes are not played at 
exactly the same time, like on a piano or strumming a guitar 
(i.e., arpeggios). In some embodiments, it is also possible to 
have offsets that are larger than the grid or have in-between 
shift values. It should be noted that groove patterns are not 
limited to algorithmically created patterns and could be 
applied to any audio or MIDI-based event patterns. In further 
embodiments, input block 130 may include a user interface to 
visually display the offset line 815 and allow user interaction 
to edit, manipulate, and change characteristics of offset line 
815, target positions, event (e.g., note) resolution (e.g., /s 
notes, /16" notes, etc.), and the like. 

FIG.9 is a simplified flow diagram illustrating aspects of a 
method 900 of generating a shuffle groove for a musical 
accompaniment, according to an embodiment of the inven 
tion. Method 900 can be performed by processing logic that 
may comprise hardware (e.g., circuitry, dedicate logic, etc.), 
Software (which as is run on a general purpose computing 
system or a dedicated machine), firmware (embedded soft 
ware), or any combination thereof. In one embodiment, 
method 900 is performed by system 100 of FIG. 1. 
At 910, method 900 begins with receiving musical data 

including reference timing data and a Succession of musical 
notes arranged with respect to the reference timing data. The 
reference timing data can include a plurality of positions 
forming a musical bar. In some embodiments, the Succession 
of musical notes can be MIDI data arranged along the musical 
bar. At 920, system 100 receives input corresponding to a 
selection of a shuffle groove template. The shuffle groove 
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template can be a selectable “personality’ from a particular 
genre or subset thereof, as described above with respect to 
FIGS. 6A-6C. In certain embodiments, one particular person 
ality may include shuffle-styled rhythms configured to auto 
matically adapt the Succession of musical notes into a shuffle 
pattern. Optionally, the amount of shuffle applied to a given 
Succession of musical notes is controlled by Swing control 
536. 
At 930, system 100 determines a continuous positive offset 

for each position along the musical bar. The continuous posi 
tive offset can be represented by an offset line or continuous 
groove template defining an amount of positive shift to apply 
to a note or chord at each position along the bar relative to a 
series of predetermined target notes that define a shuffle pat 
tern, as shown in FIG. 8A. System 100 then determines the 
position of each of the Succession of musical notes along the 
musical bar. At 940, a positive offset is determined for each of 
the musical notes based on their relative position, and at 950, 
a positive offset is applied for each of the musical notes to 
create a shuffle feel. In certain embodiments, the continuous 
groove template has no breaks in continuity between each 
position of the musical bar or when looped with successive 
musical bars. As discussed above, some of the plurality of 
positions can include target positions, where the positive off 
set associated with each non-target position (i.e., the musical 
notes) includes a positive offset towards the next target posi 
tion along the musical bar. In some aspects, the continuous 
groove template for the shuffle groove varies in offset 
between target positions wherein substantially no offset is 
associated with target positions, and where the offset 
increases in non-target positions located progressively farther 
from the next target position, as illustrated in FIG. 8A. 

It should be appreciated that the specific steps illustrated in 
FIG. 9 provides a particular method 900 of generating a 
shuffle groove for a musical accompaniment, according to an 
embodiment of the present invention. Other sequences of 
steps may also be performed according to alternative embodi 
ments. In certain embodiments, method 900 may perform the 
individual steps in a different order, at the same time, or any 
other sequence for a particular application. For example, 
alternative embodiments may utilize different target posi 
tions, different offsets at each position along the bar, or may 
utilize similar methods of using target positions and varying 
shifts along the musical bar when implementing other musi 
cal embellishments (e.g., micro-timing, micro-dynamics, 
etc.). Moreover, the individual steps illustrated in FIG.9 may 
include multiple sub-steps that may be performed in various 
sequences as appropriate to the individual step. Furthermore, 
additional steps may be added or removed depending on the 
particular applications. One of ordinary skill in the art would 
recognize and appreciate many variations, modifications, and 
alternatives of the method. 

FIG. 10 is a simplified flow diagram illustrating aspects of 
a method 1000 of applying multiple layers of groove tem 
plates to a musical accompaniment, according to an embodi 
ment of the invention. Method 1000 can be performed by 
processing logic that may comprise hardware (e.g., circuitry, 
dedicate logic, etc.), software (which as is run on a general 
purpose computing system or a dedicated machine), firmware 
(embedded software), or any combination thereof. In one 
embodiment, method 1000 is performed by system 100 of 
FIG 1. 
At 1010, a musical performance is received. The musical 

performance can be a succession of musical notes or chords 
placed along a musical bar. The musical performance can be 
represented in any Suitable format, including, but not limited 
to, MIDI sequences. 
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At 1020, method 1000 continues with quantizing a musical 

performance, according to an embodiment of the invention. 
In digital music processing technology, quantization is the 
process of transforming performed musical notes, which may 
have some imprecision due to expressive performance, to an 
underlying musical representation that eliminates this impre 
cision. The process can result in notes being set on beats and 
on exact fractions of beats. Thus, a sloppy or imprecise per 
formance can be "corrected by quantizing the notes and 
moving them to certain positions along the musical bar that 
make the performance sound “tighter or more uniform in its 
precision. The process of quantization is well known and its 
application would be known and appreciated by one of ordi 
nary skill in the art. 
At 1030, a selection for a first groove template is received 

and applied to the musical performance, according to an 
embodiment of the invention. In some embodiments, the first 
groove template can include micro-timing changes to the 
musical performance such that certain musical elements fluc 
tuate behind the beat. For example, a quantized kick-and 
Snare pattern may include Snare notes placed precisely on the 
beat. In one aspect, the first groove template can move the 
Snare notes to varying locations immediately after its quan 
tized location to simulate a “looser” or more human perfor 
mance. In another embodiment, the first groove template may 
cause both kick and snare notes to fluctuate before and after 
the beat (i.e., their quantized starting points) to also simulate 
a more human Sounding performance. 
At 1040, a selection for a second groove template is 

received and applied to the musical performance, according 
to an embodiment of the invention. In one embodiment, the 
second groove template can include changes in micro-dy 
namics to embellish the musical performance. For example, a 
particular groove template may incorporate additional Snare 
notes in the form of double sticks, flams, and ghost notes 
throughout the performance. It should be noted that the dif 
ferent groove templates are independent of one another and 
the application of one groove template may not necessarily 
affect the placement or alteration of notes incorporated by 
another groove template. In this case, the musical perfor 
mance was first quantized to align the notes of the musical 
performance into an exacting arrangement of notes. The first 
groove template added micro-timing changes to add an inex 
act or more realistic Sounding element to the musical perfor 
mance. Adding micro-dynamics (e.g., ghost notes) will not 
necessarily change the location of any of the existing notes in 
the musical performance, but merely add notes. However, if 
micro-dynamics were added to the musical performance first, 
followed by micro-timing changes, the placements of the 
added embellishments may be affected since the embellish 
ments may be subject to micro-timing displacements. 
At 1050, a selection for a shuffle groove template is 

received and applied to the musical performance, according 
to an embodiment of the invention. As described above with 
respect to FIG.9, a shuffle feel can be systematically applied 
to a given musical performance by applying a continuous 
positive offset for each position along the musical bar of the 
musical performance. The continuous positive offset can be 
represented by an offset line or continuous groove template 
defining an amount of positive shift to apply to a note or chord 
at each position along the bar relative to a series of predeter 
mined target notes that define a shuffle pattern, as shown by 
offset line 815 in FIG. 8A. The position of each of the suc 
cession of musical notes along the musical bar is determined 
and a positive offset is applied for each of the musical notes to 
create a shuffle feel. The continuous groove template typi 
cally has no breaks in continuity between each position of the 
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musical bar or when looped end-to-end with Successive musi 
cal bars. It should be noted that adding a continuous offset 
based shuffle to the musical performance will not necessarily 
affect or negate the effects of a previously implemented 
groove template, as conventional methods typically do. For 
example, as FIGS. 8B-8C clearly illustrate, any previously 
existing offsets between notes (e.g., chord arpeggiations, 
micro-timing differences, etc.) will retain their configuration 
with respect to each other as each note is individually shifted 
toward a target shuffle position based on its position along the 
bar. As such, realistic sounding rhythmic beats and accompa 
niments can be created using multiple groove templates, 
while retaining the individual characteristics of each. 

It should be appreciated that the specific steps illustrated in 
FIG. 10 provides a particular method of generating a rhyth 
mic accompaniment for a musical performance, according to 
an embodiment of the present invention. Other sequences of 
steps may also be performed according to alternative embodi 
ments. In certain embodiments, method 1000 may perform 
the individual steps in a different order, at the same time, or 
any other sequence for a particular application. For example, 
Some rhythmic accompaniments may not be quantized, or the 
various groove templates may be applied in a different order 
for different affects. Alternatively, a shuffle groove template 
may be added prior to adding additional groove templates. 
Furthermore, Some groove templates can be configured to be 
unaffected by other groove templates. For example, a groove 
template including micro-dynamics can be selected to main 
tain the position of the additional notes (e.g., ghost notes, 
flams, etc.) after a shuffle groove is Subsequently applied. 
That is, the shuffle groove may shift all of the notes in a 
musical bar except for notes added as micro-dynamics. Any 
Suitable combination of groove templates and Subsets thereof 
can be configured in any way as would be appreciated by one 
of ordinary skill in the art with the benefit of this disclosure. 
Moreover, the individual steps illustrated in FIG. 10 may 
include multiple sub-steps that may be performed in various 
sequences as appropriate to the individual step. Furthermore, 
additional steps may be added or removed depending on the 
particular applications. One of ordinary skill in the art would 
recognize and appreciate many variations, modifications, and 
alternatives of the method. 

Arrangement Data 
FIG. 11 illustrates a sample track of a musical performance 

separated by section, according to an embodiment of the 
invention. A musical performance can be divided into a num 
ber of parts including an intro, verse, chorus, bridge, and the 
like. For example, the track (i.e., musical performance) 
shown in FIG. 11 includes a verse section 1110, a chorus 
section 1120, and a section assigner 1130. While arrangement 
data is not necessary to create a rhythm accompaniment, it 
can be used as an input value for filtering and modification 
rules. For example, by indicating that a certain portion of a 
musical performance is a chorus section, a livelier or catchier 
accompaniment may be generated, as opposed to a section 
identified as an intro. In certain embodiments, arrangement 
data can be used to apply pre-configured default templates for 
different Song sections. 

Performance Data 
Performance data can be used as an input to generate a 

rhythmic accompaniment. One advantage of the present 
invention is the ability to receive a musical performance in a 
variety of formats, break it down to its elemental rhythmic 
components (i.e., accent pattern), and create a rhythmic 
accompaniment based on those elemental components, such 
that the rhythmic accompaniment sounds particularly well 
matched as if it was created specifically for the particular 
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musical performance. The musical performance can be a 
transient waveform (e.g., analog waveform), a MIDI 
sequence, or other format, as would be appreciated by one of 
ordinary skill in the art with the benefit of this disclosure. 

FIG. 12 is a simplified diagram 1200 illustrating the ampli 
fication 115 and processing of an audio waveform 1220, 
according to an embodiment of the invention. Diagram 1200 
includes an electric stringed instrument (e.g., electric guitar) 
1210, a preamplifier (preamp) 1215, an audio waveform 
1220, and a processing block 1230. The electric stringed 
instrument 1210 can be any suitable electric instrument (e.g., 
guitar, bass, violin, etc.) that can convert acoustical Sound 
waves (e.g., vibrating strings) to an electrical signal. Alterna 
tively, the electrical signal can be generated by a microphone 
recording any virtually any acoustic instrument (e.g., wood 
wind, brass, strings, or the like). 
The output of instrument 1210 is coupled to preamp 1215 

for amplification. A preamplifier (preamp) is an electronic 
amplifier that prepares a small electrical signal for further 
amplification or processing. It can be used to boost signal 
strength to higher levels without significantly degrading the 
signal-to-noise ratio (SNR). Some electrical audio signals 
may not require pre-amplification and thus a preamp stage 
1215 is not required. The audio waveform 1220 is an analog 
waveform depicting a Snapshot of the magnitude of the audio 
signal with respect to time. Audio waveforms 1220 can take a 
variety of shapes, patterns, and characteristics based on the 
type of signal detected. The various types of audio waveforms 
and their pertinent characteristics (e.g., frequency, amplitude, 
phase, etc.) would be understood by those of ordinary skill in 
the art. 

Audio waveform 1220 is coupled to the processing and 
analysis block 1230. In certain embodiments, the processing 
and analysis block 1230 performs transient detection with 
digital signal processing to determine a basic accent pattern to 
base the rhythmic accompaniment on. In some embodiments, 
the signal processing can be performed by performance block 
150 of system 100. Any suitable system block, processor, or 
the like, can be used to perform the signal processing 
described herein. 

FIG. 13 illustrates an analysis of a musical performance 
1300 to determine an accent pattern, according to an embodi 
ment of the invention. The musical performance (i.e., audio 
waveform) 1300 includes a number of signal characteristics 
including audio peaks, patterns, frequency characteristics, 
phase characteristics, timing characteristics (e.g., tempo), 
and the like. These signal characteristics can be analyzed in a 
digital or analog domain to determine basic accent patterns 
that may repeat throughout musical performance. Musical 
performance 1300 can be performance data, audio data, audio 
waveform data, digital audio data, etc. 

Referring to FIG. 13, accent pattern 1310 is determined 
based on the signal characteristics. Accent pattern 1310 is a 
repeating 4-bar pattern with accents on the last two beats. Any 
type of accent pattern is capable of being detected including 
8-bar patterns, 16-bar patterns, or any other desired bar 
lengths. Once the accent pattern 1310 is determined, it is 
compared to a database library of reference accent patterns to 
determine a suitable accent pattern to base the rhythmic 
accompaniment, as discussed below. 

FIG. 14 illustrates aspects of accent pattern matching, 
according to an embodiment of the invention. In certain 
embodiments, accent pattern matching includes the process 
of receiving musical data (i.e., bass line, guitar riff, piano 
track, etc.), identifying a Succession of accentuated events, 
and determining an accent pattern based thereon. The accent 
pattern is compared to a library or database of reference 
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accent patterns and matched to one or more of the closest 
matching reference pattern. A reference accent pattern can 
then be selected and a rhythmic accompaniment is created 
that is based on the reference accent pattern. As a result, the 
rhythmic accompaniment will be well-matched to the musi 
cal data (i.e., musical performance). In some embodiments, 
the accent pattern can be determined in musical performance 
block 150 of system 100. Reference accent patterns can be 
stored and retrieved from accent pattern data database 126 of 
musical elements database 120, as shown in system 100 of 
FIG 1. 

Database 1400 depicts ten different 4-bar reference accent 
patterns labeleda-i, according to an embodiment of the inven 
tion. As described above, the accent pattern determined from 
the musical data (i.e., musical performance) is compared to 
the reference accent patterns to find the closest match. Using 
the accent pattern 1310 determined from FIG. 13, reference 
accent pattern 1420 is selected as a match. Selections can be 
made based on algorithmic analysis, probability and statisti 
cal analysis, rules or policy based section, or any Suitable 
method and any combination thereof. Furthermore, any type 
of reference accent patterns (e.g., 4-bar, 8-bar, 16-bar pat 
terns, odd number bar patterns, etc.) can be stored and refer 
enced. In some implementations, multiple accent patterns 
may be derived from a musical performance. For example, a 
4-bar accent pattern and an 8-bar accent pattern may be 
derived from the musical data of a musical performance. In 
some cases, FRD 160 can determine the best match based on 
characteristics of the accent pattern, as well as other input 
(e.g., input block 130) and arrangement parameters (e.g., 
arrangement block 140), as further described above. 

FIG. 15 is a simplified diagram 1500 illustrating the pro 
cessing of a MIDI signal 1520, according to an embodiment 
of the invention. Diagram 1500 includes a MIDI instrument 
(e.g., keyboard) 1510, a MIDI-based pattern 1520, and a 
processing block 1530. The MIDI instrument 1510 can be any 
suitable MIDI device (e.g., synthesizer, virtual instrument, 
etc.) configured to generate MIDI patterns. 
MIDI signal 1520 is coupled to the processing and analysis 

block 1530. In certain embodiments, the processing and 
analysis block 1530 determines an accent pattern of MIDI 
signal 1520. In some embodiments, the accent pattern analy 
sis is performed by musical performance block 150 of system 
100. Any suitable system block, processor, or the like, can be 
used to determine the accent pattern of MIDI signal 1520. 

FIG. 16 illustrates an analysis of a musical performance 
1600 to determine an accent pattern, according to an embodi 
ment of the invention. Musical performance (i.e., MIDI sig 
nal) 1600 includes a digital piano roll 1630 including a plu 
rality of playable notes with a sequencing track 1640 
configured for each note. Musical performance 1600 includes 
a number of notes 1650, 1660 sequenced on a digital piano 
roll 1630. 

Referring to FIG. 16, accent pattern 1610 is determined 
based on the MIDI pattern on piano roll 1630. In this example, 
accent pattern 1610 is determined to be a repeating 4-bar 
pattern with accents on the middle two beats. Any type of 
patterns are capable of being detected including 8-bar pat 
terns, 16-bar patterns, or even patterns for non-traditional bar 
lengths. Once the accent pattern 1610 is determined, it is 
compared to a database library of reference accent patterns 
(e.g., reference accent patterns 126 of musical elements data 
base 120) to determine a suitable accent pattern to base the 
rhythmic accompaniment. 

FIG. 17 illustrates aspects of accent pattern matching, 
according to an embodiment of the invention. In certain 
embodiments, accent pattern matching includes the process 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
of receiving musical data (e.g., MIDI data), identifying a 
Succession of accentuated events, and determining an accent 
pattern based thereon. The accent pattern is compared to a 
library or database of reference accent patterns and matched 
to one or more of the closest matching reference pattern. A 
reference accent pattern can then be selected and a rhythmic 
accompaniment is created that is based on the reference 
accent pattern. As a result, the rhythmic accompaniment will 
be well-matched to the musical data (i.e., musical perfor 
mance). In some embodiments, the accent pattern can be 
determined in musical performance block 150 of system 100. 
Reference accent patterns can be stored and retrieved from 
accent pattern data database 126 of musical elements data 
base 120, as shown in system 100 of FIG. 1. 

Database 1700 depicts ten different 4-bar reference accent 
patterns labeleda-i, according to an embodiment of the inven 
tion. As described above, the accent pattern determined from 
the musical data (i.e., musical performance) is compared to 
the reference accent patterns to find the closest match. Using 
the accent pattern 1610 determined from FIG. 16, reference 
accent pattern 1720 is selected as a match. Selections can be 
made based on pattern matching, algorithmic analysis, prob 
ability and statistical analysis, rules or policy based selection, 
or any Suitable method and any combination thereof. Any 
type of reference accent patterns (e.g., 4-bar, 8-bar, 16-bar 
patterns, odd number bar patterns, etc.) can be stored and 
referenced as required. Furthermore, multiple accent patterns 
may be derived from a musical performance. For example, a 
4-bar accent pattern and an 8-bar accent pattern may be 
derived from the musical data of a musical performance. In 
some cases, FRD 160 can determine the best match based on 
characteristics of the accent pattern, as well as other input 
(e.g., input block 130) and arrangement parameters (e.g., 
arrangement block 140), as further described above. 

FIG. 18 illustrates the process of generating a rhythm 
accompaniment based on a reference accent pattern, accord 
ing to an embodiment of the invention. Database 1800 depicts 
ten different 4-bar reference accent patterns labeleda-i, with 
reference accent pattern 1810 selected as a match to a given 
musical performance (not shown). In this example, reference 
accent pattern 1810 includes accents on the first, third, and 
fourth beats of a 4-bar rhythm. 
A percussion based rhythmic accompaniment 1850 can be 

generated based on the selected reference accent pattern 
1810. Rhythmic accompaniment 1850 includes a bass drum 
track 1860, a snare track 1870, and hi-hat track 1880, and a 
cymbal track 1890. In this particular arrangement, the bass 
drum and Snare tracks are configured to track reference accent 
pattern 1810 with bass and/or snare notes on the first, third, 
and fourth beats, as shown in pattern 1820. Alternatively, the 
resulting accompaniment may not match the reference accent 
patternand, in fact, may compliment or contrast the particular 
accent pattern of the musical performance. For example, a 
musical performance Such as a bass line may be a complex 
accent pattern that a user may want in the forefront of a 
performance. The rhythmic accompaniment can be config 
ured to highlight the intricacies of the bass line by creating a 
simple percussive accompaniment that does not detract from 
the bass performance. For example, the kick, Snare, or crash 
cymbals can be configured to avoid certain notes of an accent 
pattern and maintain a subtle percussive backdrop. There are 
a myriad of ways that accent patterns can be used to create 
rhythmic accompaniments and playing accent patterns with a 
kick and Snare combination is only one of many effective and 
musically pleasing methods. Although one particular accom 
paniment 1850 is shown, any number of styles, configura 
tions, and arrangements of rhythmic accompaniments can be 
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generated from a single reference pattern. In addition to a 
reference accent pattern, user inputs (e.g., groove templates), 
arrangement data, or other relevant data can be used to shape 
or influence the resulting rhythmic accompaniment. In some 
embodiments, depending on the complexity (e.g., see FIG. 
5B), a generated pattern may consist of a Subset of events 
found in a reference pattern, exactly match the events in the 
reference pattern, or even add events to those found in the 
reference pattern. It should be noted that “events’ in a refer 
ence pattern can be notes, chords, or other musical element. 

FIG. 19 is a simplified flow diagram illustrating aspects of 
a method 1900 of generating an accompaniment for a musical 
performance, according to an embodiment of the invention. 
Method 200 can be performed by processing logic that may 
comprise hardware (e.g., circuitry, dedicate logic, etc.), soft 
ware (which as is run on a general purpose computing system 
or a dedicated machine), firmware (embedded software), or 
any combination thereof. In one embodiment, method 200 is 
performed by aspects of system 100 of FIG. 1 including 
musical performance block 150 and filter and rules database 
160. 
At 1910, method 1900 begins with receiving musical data, 

according to an embodiment of the invention. The musical 
data can be an analog or digitally based musical performance. 
Analog-based musical data typically includes an audio wave 
form featuring a number of signal characteristics including 
audio peaks, patterns, frequency characteristics, phase char 
acteristics, timing characteristics (e.g., tempo), and the like, 
and may include any suitable instruments including acoustic 
instruments, electric instruments, or any musical tool that 
provides an electronic representation (e.g., audio waveform) 
of a musical performance. Digital data can include any suit 
able MIDI-based instrument or device configured to generate 
MIDI patterns. In some embodiments, the musical perfor 
mance block 150 of system 100 receives the musical data. 

At 1920, a succession of accentuated events is identified in 
the musical data, according to an embodiment of the inven 
tion. In certain aspects, musical data can be analyzed to iden 
tify accentuated events and non-accentuated events. Accen 
tuated events can be determined for analog-based musical 
data (e.g., waveforms) by analog or digital signal processing 
by analyzing its signal characteristics (e.g., audio peaks, pat 
terns, frequency/phase characteristics, tempo, etc.). Accent 
patterns can be determine for digitally-based musical data 
(e.g., MIDI data) by analyzing the velocity of MIDI note 
events, note pitch, note placement or position, note duration, 
chord progressions, etc., as would be appreciated by one of 
ordinary skill in the art with the benefit of this disclosure. In 
some embodiments, the musical performance block 150 of 
system 100 can identify a Succession of accentuated events in 
the musical data. 

At 1930, the succession of accentuated events is analyzed 
and an accent pattern is determined, according to an embodi 
ment of the invention. As previously described, the accent 
pattern is a fundamental beat and can be used to create a 
rhythmic accompaniment. At 1940, the accent pattern is com 
pared to one or more accent reference patterns to find a match 
or Substantially matching pattern. Matching can be based on 
note placement comparison, algorithmic analysis, probability 
and statistical analysis, rules or policy based selections, or 
any Suitable method and any combination thereof. In certain 
embodiments, accent reference patterns can be stored in a 
database (e.g., accents database 126 of musical elements 
database 120) for retrieval and analysis. At 1950, the accent 
pattern is matched to one or more reference accent patterns, 
and a matching accent reference pattern is selected (1960). At 
1970, a rhythmic accompaniment is created based, in part, on 
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the selected reference accent pattern. In some cases, the 
rhythmic accompaniment may include a constantly changing 
reference accent pattern to reflect possible user edits per 
formed on any track(s) being followed including changes to 
genre, arrangements, drummer selections, user guided per 
formance parameters (e.g., complexity, fills, etc.), and the 
like. 

It should be appreciated that the specific steps illustrated in 
FIG. 19 provides a particular method of generating a rhyth 
mic accompaniment for a musical performance, according to 
an embodiment of the present invention. Other sequences of 
steps may also be performed according to alternative embodi 
ments. In certain embodiments, method 2000 may perform 
the individual steps in a different order, at the same time, or 
any other sequence for a particular application. Moreover, the 
individual steps illustrated in FIG. 19 may include multiple 
Sub-steps that may be performed in various sequences as 
appropriate to the individual step. Furthermore, additional 
steps may be added or removed depending on the particular 
applications. One of ordinary skill in the art would recognize 
and appreciate many variations, modifications, and alterna 
tives of the method. 

FIG. 20 is a simplified flow diagram illustrating aspects of 
a method 200 of identifying a plurality of events in musical 
data, according to an embodiment of the invention. Method 
2000 can be performed by processing logic that may com 
prise hardware (e.g., circuitry, dedicate logic, etc.), Software 
(which as is run on a general purpose computing system or a 
dedicated machine), firmware (embedded software), or any 
combination thereof. In one embodiment, method 2000 can 
be performed by system 100 of FIG. 1. 

At 2010, method 2000 begins with identifying a plurality 
of events in musical data. Events can include accents or 
non-accent characteristics. At 2020, eachevent is evaluated to 
determine if it is an accent. As discussed above, accent pat 
terns can be used to identify the basic rhythmic characteristics 
of a musical performance (i.e., musical data). Such that a 
Suitable rhythmic accompaniment can be created that 
matches musical performance. This is typically a binary con 
sideration, however accents can be further characterized into 
a number of categories, which may be helpful in “fine tuning 
or tailoring the generated rhythmic accompaniment to the 
musical performance. In some cases, accents may be loud or 
soft (e.g., amplitude), as determined at 2030, while others 
may be high pitched or low pitched (e.g., frequency), as 
determined at 2040. For example, musical data from a musi 
cal performance may have several basic accent patterns (a 
4-bar accent pattern and an 8-bar accent pattern) that signifi 
cantly differ, but each could be used to generate a rhythmic 
accompaniment. In another example, determining an accent 
may be based on a prominent pitch among a series of lower or 
higher pitches. In some cases, the amplitude and frequency of 
the accents can be considered to identify the better suited 
accent pattern for a particular musical performance, as would 
be appreciated by one of ordinary skill in the art with the 
benefit of this disclosure. Other methods of determining 
accent patterns may be based on note or event characteristics 
including note prominence (i.e., Volume, Velocity, pitch, etc.), 
event length, tonal characteristics/color, timbre, the signal 
envelope of the musical performance or a part thereof, 
arrangement attack, or other suitable event characteristic. 

It should be appreciated that the specific steps illustrated in 
FIG. 20 provides a particular method of generating a rhyth 
mic accompaniment for a musical performance, according to 
an embodiment of the present invention. Other sequences of 
steps may also be performed according to alternative embodi 
ments. In certain embodiments, method 2000 may perform 
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the individual steps in a different order, at the same time, or 
any other sequence for a particular application. Moreover, the 
individual steps illustrated in FIG. 20 may include multiple 
Sub-steps that may be performed in various sequences as 
appropriate to the individual step. Furthermore, additional 
steps may be added or removed depending on the particular 
applications. One of ordinary skill in the art would recognize 
and appreciate many variations, modifications, and alterna 
tives of the method. 

Filtering Rules and Modifications 
As described above, pattern generation can be a modular 

framework with some custom made modules and Script lan 
guage that can filter, combine and modify patterns, based on 
the various input parameters described above. For example, 
certain patterns (e.g., accent patterns, system patterns, etc.) 
are sent through different modules that modify the “probabil 
ity of the selection of each pattern. In some cases, modules 
that modify probability may be drummer styles (see FIG. 
6A-6C). For modifying patterns, events can be selected based 
on any criteria Such as Velocity, position in musical bar, kit 
piece, etc., and any desired action can be implemented (e.g., 
deletion, modification, etc.). In Summary, the filtering process 
is highly flexible with tools to author a large number of rules 
to algorithmically create musical content. In some embodi 
ments, patterns of events (e.g., reference accent patterns, 
reference system patterns, etc.) can be stored in musical ele 
ments database 120. In some cases, filtering, combining and 
modifying patterns, and the various modules described herein 
can be performed by filtering block 160. 

Modules can be manually authored rules relating to the 
name and content of a particular pattern, or tables can be used 
that, for example, define how well specific pattern combina 
tions work together either serially (relating to the previous 
pattern) or in parallel (e.g., relating to other parts like accents, 
fills, reference accent pattern, etc.). In some cases, additional 
to the filtering rules, certain events (e.g., notes, chords, etc.) 
can be added, deleted, or moved, their velocities or articula 
tions can be changed, etc. Furthermore, some modules can 
define an interaction between different parts of the perfor 
mance (e.g., Systems reacting to accents), and apply timing 
and dynamics of the groove template patterns. 

In certain implementations, each pattern (e.g., reference 
pattern) or a Subset thereof in the musical elements database 
can be assigned a value or probability (e.g., ranging from 0 to 
100). Different filters can be used to change this value and the 
pattern with the highest probability is more likely selected. 
Depending on the character and the selected variation, a num 
ber of patterns can be excluded by setting their probability to 
0. Tables can also be used to decrease a probability of certain 
patterns based on factors including elements that are cur 
rently being played, elements played in the previous bar, or 
external parameters (e.g., Song tempo, etc.). For example, if a 
fast rock pattern is currently being played, the probability of 
an R&B pattern being played next may be low. For the 
remaining patterns, their complexity can be calculated and 
their probabilities modified based on the current value of the 
complexity parameter. 

In some embodiments, events can be added or removed 
based on filtering rules, probabilities, modules, or combina 
tions thereof. For example, ghost notes on a Snare can be 
added based oncertain rules that may indicate that ghost notes 
can be added where Snare events are not already placed, some 
ghost notes can be transformed into short rolls, or the amount 
of ghost notes and rolls may be determined by the chosen 
complexity and tempo, with fewer ghost notes and rolls at 
higher tempi and more ghost notes and rolls and lower tempi. 
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In another example, Snare backbeat strokes can be trans 
formed to a flam (e.g., adding another stroke right before it) in 
case other parts of the patterns are muted, and a drummer 
would have had his second hand free. In yet another example, 
Syncopated Snare notes may be deleted in a pattern if the 
intensity is below a certain threshold where the snare switches 
to a cross stick articulation if the Syncopation pattern would 
not be realistically playable anymore. As such, rhythmic 
accompaniments can include generated patterns and modifi 
cations that are based on what a real drummer would be able 
to do for added realism. In some situations, there may be 
filtering rule conflicts. For example, a certain accent pattern 
may be included with a particular system pattern. In situations 
where a drummer could not realistically play the system 
pattern with two hands and maintain the accents, the accent 
pattern can be permitted because the accent overrides the 
system pattern. Alternative rules may apply and a user can 
define musical element hierarchies and rules in any desired 
configuration. 

Although the examples herein include Snare placement and 
Some embellishments, any kit piece (e.g., kick drum, tom, 
hi-hat, etc.) can be manipulated, modified, and applicable per 
certain rules to better simulate a realistic accompaniment. 
Also, these concepts also apply more broadly to rhythmic 
accompaniment generation across all instruments (e.g., gui 
tar, bass, piano, etc.). For example, a pattern on the lower 
guitar register may be less likely to incorporate phrasing that 
utilizes notes on the highest frets. These rules and modifica 
tions would be understood and actionable by one of ordinary 
skill in the art with the benefit of this disclosure. 

In further embodiments, event articulations, Velocities, and 
kit pieces can be modified. For example, entire patterns or 
subsets thereof can be moved to a different kit piece. In some 
cases, articulations can be changes based on a selected inten 
sity. For example, depending on the intensity, Snare strokes 
may be changed from cross Stick to normal strokes to rim 
shots. The Velocity of events in a musical bar can be changed 
based on their position in the bar and the value of the selected 
intensity. In another example, the opening of a hi-hat (i.e., 
samples related to the open hi-hat) can change based on the 
intensity level. These are just a few of the rules and param 
eters that can be used filter, modify, and alter characteristics of 
event patterns, particular sounds (e.g., hi-hat characteristics), 
and the like, and many more rules and modifications would be 
understood and actionable by one of ordinary skill in the art 
with the benefit of this disclosure. In alternative embodi 
ments, rhythmic accompaniment generation can be an itera 
tive learning and adaptive process. For example, after fre 
quent use, certain patterns, preferences, and settings can be 
analyzed by elements of system 100 to determine rhythmic 
accompaniments that are more likely to Suit aparticular user's 
preferences. For instance, a user may typically like more 
complex rhythms laden with many micro-dynamics. Subse 
quent rhythmic accompaniments may reflect this preference 
as a default setting. 

System Architecture 
FIG. 21 illustrates an example of a system 2100 that can 

enable a user to generate a rhythmic accompaniment for a 
musical performance, according to an embodiment of the 
invention. System 2100 can be a device that can include 
multiple subsystems such as a display subsystem 2105, one or 
more processors or processing units 2110, a storage Sub 
system 2115, and a communications system 2160. One or 
more communication paths can be provided to enable one or 
more of the Subsystems to communicate with and exchange 
data with one another. The various subsystems in FIG. 21 can 
be implemented in software, hardware, firmware, or combi 
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nations thereof. In some embodiments, the Software can be 
stored on a transitory or non-transitory computer readable 
storage medium and can be executed by one or more process 
ing units. In certain embodiments, storage Subsystem 2115 
comprises one or more memories for storing the data used or 
generated by certain embodiments of the present invention 
and for storing Software (e.g., code, computer instructions) 
that may be executed by one or more processing units 2110. 

It should be appreciated that system 2100 as shown in FIG. 
21 can include more or fewer components than those shown in 
FIG. 21, can combine two or more components, or can have a 
different configuration or arrangement of components. In 
some embodiments, system 2100 can be a part of a portable 
computing device. Such as a tablet computer, a mobile tele 
phone, a Smartphone, a desktop computer, a laptop computer, 
a kiosk, etc. The system 2100 can operate on an iPhone(R), 
iPad(R), iMac(R), or the like. 

In some embodiments, display subsystem 2105 can pro 
vide an interface that allows a user to interact with system 
2100. The display subsystem 2105 may be a cathode ray tube 
(CRT), a flat-panel device such as a liquid crystal display 
(LCD), a projection device, a touch screen, or the like. In 
general, use of the term “output device' is intended to include 
all possible types of devices and mechanisms for outputting 
information from system 2100. For example, a software key 
board may be displayed using a flat-panel Screen. In some 
embodiments, the display subsystem 2105 can be a touch 
interface, where the display provides both an interface for 
outputting information to a user of the device and also as an 
interface for receiving inputs. In other embodiments, there 
may be separate input and output Subsystems. Through the 
display subsystem 2105, the user can view and interact with a 
GUI (Graphical User Interface) 2120 of a system 2100. In 
Some implementations, the GUI shown can include elements 
from user input block 130, musical arrangement block 140, 
and/or musical performance block 150. In some embodi 
ments, display subsystem 2105 can include a touch-sensitive 
interface (also sometimes referred to as a touch screen) that 
can both display information to the user and receive inputs 
from the user. Processing unit(s) 2110 can include one or 
more processors, each having one or more cores. In some 
embodiments, processing unit(s) 2110 can execute instruc 
tions stored in storage subsystem 2115. System 2100 can 
further include an audio system to play music (e.g., accom 
paniments, musical performances, etc.) through one or more 
audio speakers (not shown). 

Communications system 2160 can include various hard 
ware, firmware, and Software components to enable elec 
tronic communication between multiple computing devices. 
Communications system 2160 or components thereof can 
communicate with other devices via Wi-Fi, Bluetooth, infra 
red, or any other Suitable communications protocol that can 
provide sufficiently fast and reliable data rates to support the 
real-time jam session functionality described herein. 

Storage Subsystem 2115 can include various memory units 
such as a system memory 2130, a read-only memory (ROM) 
2140, and a non-volatile storage device 2150. The system 
memory can be a read-and-write memory device or a volatile 
read-and-write memory, Such as dynamic random access 
memory. System memory 2130 can store some or all of the 
instructions and data that the processor(s) or processing 
unit(s) need at runtime. ROM 2140 can store static data and 
instructions that are used by processing unit(s) 2110 and other 
modules of system 2100. Non-volatile storage device 2150 
can be a read-and-write capable memory device. Embodi 
ments of the invention can use a mass-storage device (such as 
a magnetic or optical disk or flash memory) as a permanent 
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storage device. Other embodiments can use a removable stor 
age device (e.g., a floppy disk, a flash drive) as a non-volatile 
(e.g., permanent) storage device. 

Storage subsystem 2115 can store MIDI (Musical Instru 
ment Digital Interface) data relating to accompaniments 
played on virtual instruments of system 2100 in MIDI data 
base 2134. A musical elements database 2132 can store music 
elements such as a library of micro-timing data, micro-dy 
namics data, Systems data, accents data, fills, and other musi 
cal elements. Storage Subsystem 115 may also store audio 
recording data, and general song data (e.g., with track and 
instrument data). For MIDI-based tracks, MIDI data may be 
stored. Similarly, for audio-based tracks, audio data can be 
stored (e.g., audio files such as wav, .mp3, and the like). 
Further detail regarding system architecture and the auxiliary 
components thereof (e.g., input/output controllers, memory 
controllers, etc.) are not discussed in detailso as not to obfus 
cate the focus on the invention and would be understood by 
those of ordinary skill in the art. In certain embodiments, 
system 2100 can incorporate system 100 therein. 
FIG.22 illustrates a computer system 2200 according to an 

embodiment of the present invention. The user interfaces 
described herein (e.g., user input block 130) can be imple 
mented within a computer system such as computer system 
2200 shown here. Computer system 2200 can be imple 
mented as any of various computing devices, including, e.g., 
a desktop or laptop computer, tablet computer, Smartphone, 
personal data assistant (PDA), or any other type of computing 
device, not limited to any particular form factor. Computer 
system 2200 can include processing unit(s) 2205, storage 
subsystem 2210, input devices 2220, output devices 2225. 
network interface 2235, and bus 2240. In some embodiments, 
system 2200, system 100, other suitable systems or a combi 
nation thereof, can be operated in within the framework of 
GaragebandR or Logic R, developed by Apple Computer R. 

Processing unit(s) 2205 can include a single processor, 
which can have one or more cores, or multiple processors. In 
Some embodiments, processing unit(s) 2205 can include a 
general purpose primary processor as well as one or more 
special purpose co-processors such as graphics processors, 
digital signal processors, or the like. In some embodiments, 
Some or all processing units 2205 can be implemented using 
customized circuits, such as application specific integrated 
circuits (ASICs) or field programmable gate arrays (FPGAs). 
In some embodiments, such integrated circuits execute 
instructions that are stored on the circuit itself. In other 
embodiments, processing unit(s) 2205 can execute instruc 
tions stored in storage Subsystem 2210. 

Storage Subsystem 2210 can include various memory units 
Such as a system memory, a read-only memory (ROM), and a 
permanent storage device. The ROM can store static data and 
instructions that are needed by processing unit(s) 2205 and 
other modules of electronic device 2200. The permanent stor 
age device can be a read-and-write memory device. This 
permanent storage device can be a non-volatile memory unit 
that stores instructions and data even when computer system 
2200 is powered down. Some embodiments of the invention 
can use a mass-storage device (such as a magnetic or optical 
disk or flash memory) as a permanent storage device. Other 
embodiments can use a removable storage device (e.g., a 
floppy disk, a flash drive) as a permanent storage device. The 
system memory can be a read-and-write memory device or a 
Volatile read-and-write memory, such as dynamic random 
access memory. The system memory can store some or all of 
the instructions and data that the processor needs at runtime. 

Storage subsystem 2210 can include any combination of 
computer readable storage media including semiconductor 
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memory chips of various types (DRAM, SRAM, SDRAM, 
flash memory, programmable read-only memory) and so on. 
Magnetic and/or optical disks can also be used. In some 
embodiments, storage Subsystem 2210 can include remov 
able storage media that can be readable and/or writeable: 
examples of Such media include compact disc (CD), read 
only digital versatile disc (e.g., DVD-ROM, dual-layer DVD 
ROM), read-only and recordable Blue-Ray(R) disks, ultraden 
sity optical disks, flash memory cards (e.g., SD cards, mini 
SD cards, micro-SD cards, etc.), magnetic "floppy' disks, and 
so on. The computer readable storage media do not include 
carrier waves and transitory electronic signals passing wire 
lessly or over wired connections. 

In some embodiments, storage Subsystem 2210 can store 
one or more software programs to be executed by processing 
unit(s) 2205, such as a user interface 2215. As mentioned, 
“software' can refer to sequences of instructions that, when 
executed by processing unit(s) 2205 cause computer system 
2200 to perform various operations, thus defining one or more 
specific machine implementations that execute and perform 
the operations of the Software programs. The instructions can 
be stored as firmware residing in read-only memory and/or 
applications stored in magnetic storage that can be read into 
memory for processing by a processor. Software can be 
implemented as a single program or a collection of separate 
programs or program modules that interact as desired. Pro 
grams and/or data can be stored in non-volatile storage and 
copied in whole or in part to Volatile working memory during 
program execution. From storage Subsystem 2210, process 
ing unit(s) 2205 can retrieve program instructions to execute 
and data to process in order to execute various operations 
described herein. 
A user interface can be provided by one or more user input 

devices 2220, display device 2225, and/or and one or more 
other user output devices (not shown). Input devices 2220 can 
include any device via which a user can provide signals to 
computing system 2200; computing system 2200 can inter 
pret the signals as indicative of particular user requests or 
information. In various embodiments, input devices 2220 can 
include any or all of a keyboard touch pad, touch screen, 
mouse or other pointing device, Scroll wheel, click wheel, 
dial, button, Switch, keypad, microphone, and so on. 

Output devices 2225 can display images generated by elec 
tronic device 2200. Output devices 2225 can include various 
image generation technologies, e.g., a cathode ray tube 
(CRT), liquid crystal display (LCD), light-emitting diode 
(LED) including organic light-emitting diodes (OLED), pro 
jection system, or the like, together with Supporting electron 
ics (e.g., digital-to-analog or analog-to-digital converters, 
signal processors, or the like), indicator lights, speakers, tac 
tile “display” devices, headphone jacks, printers, and so on. 
Some embodiments can include a device such as a touch 
screen that function as both input and output device. 

In some embodiments, output device 2225 can provide a 
graphical user interface, in which visible image elements in 
certain areas of output device 2225 are defined as active 
elements or control elements that the user selects using user 
input devices 2220. For example, the user can manipulate a 
user input device to position an on-screen cursor or pointer 
over the control element, then click a button to indicate the 
selection. Alternatively, the user can touch the control ele 
ment (e.g., with a finger or stylus) on a touchscreen device. In 
Some embodiments, the user can speak one or more words 
associated with the control element (the word can be, e.g., a 
label on the element or a function associated with the ele 
ment). In some embodiments, user gestures on a touch-sen 
sitive device can be recognized and interpreted as input com 
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mands; these gestures can be but need not be associated with 
any particular array in output device 2225. Other user inter 
faces can also be implemented. 
Network interface 2235 can provide voice and/or data 

communication capability for electronic device 2200. In 
some embodiments, network interface 2235 can include radio 
frequency (RF) transceiver components for accessing wire 
less voice and/or data networks (e.g., using cellular telephone 
technology, advanced data network technology Such as 3G, 
4G or EDGE, WiFi (IEEE 802.11 family standards, or other 
mobile communication technologies, or any combination 
thereof), GPS receiver components, and/or other compo 
nents. In some embodiments, network interface 2235 can 
provide wired network connectivity (e.g., Ethernet) in addi 
tion to or instead of a wireless interface. Network interface 
2235 can be implemented using a combination of hardware 
(e.g., antennas, modulators/demodulators, encoders/decod 
ers, and other analog and/or digital signal processing circuits) 
and Software components. 
Bus 2240 can include various system, peripheral, and 

chipset buses that communicatively connect the numerous 
internal devices of electronic device 2200. For example, bus 
2240 can communicatively couple processing unit(s) 2205 
with storage subsystem 2210. Bus 2240 also connects to input 
devices 2220 and display 2225. Bus 2240 also couples elec 
tronic device 2200 to a network through network interface 
2235. In this manner, electronic device 2200 can be a part of 
a network of multiple computer systems (e.g., a local area 
network (LAN), a wide area network (WAN), an Intranet, or 
a network of networks, such as the Internet. Any or all com 
ponents of electronic device 2200 can be used in conjunction 
with the invention. 
Some embodiments include electronic components, such 

as microprocessors, storage and memory that store computer 
program instructions in a computer readable storage medium. 
Many of the features described in this specification can be 
implemented as processes that are specified as a set of pro 
gram instructions encoded on a computer readable storage 
medium. When these program instructions are executed by 
one or more processing units, they cause the processing 
unit(s) to perform various operation indicated in the program 
instructions. Examples of program instructions or computer 
code include machine code, Such as is produced by a com 
piler, and files including higher-level code that are executed 
by a computer, an electronic component, or a microprocessor 
using an interpreter. 

It will be appreciated that computer system 2200 is illus 
trative and that variations and modifications are possible. 
Computer system 2200 can have other capabilities not spe 
cifically described here (e.g., mobile phone, global position 
ing system (GPS), power management, one or more cameras, 
various connection ports for connecting external devices or 
accessories, etc.). Further, while computer system 2200 is 
described with reference to particular blocks, it is to be under 
stood that these blocks are defined for convenience of 
description and are not intended to imply a particular physical 
arrangement of component parts. Further, the blocks need not 
correspond to physically distinct components. Blocks can be 
configured to perform various operations, e.g., by program 
ming a processor or providing appropriate control circuitry, 
and various blocks might or might not be reconfigurable 
depending on how the initial configuration is obtained. 
Embodiments of the present invention can be realized in a 
variety of apparatus including electronic devices imple 
mented using any combination of circuitry and Software. 

While the invention has been described with respect to 
specific embodiments, one skilled in the art will recognize 
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that numerous modifications are possible including the dis 
played representation of the user interface 130 and the con 
figuration of the various elements therein, such as their posi 
tion, organization, and function, filtering rules and analysis, 
etc. Thus, although the invention has been described with 
respect to specific embodiments, it will be appreciated that 
the invention is intended to cover all modifications and 
equivalents within the scope of the following claims. In some 
embodiments, system 100 can be implemented wholly or in 
part by system 2200. 

System 100 depicted in FIG.1 may be provided in various 
configurations. In some embodiments, system 100 may be 
configured as a distributed system where one or more com 
ponents of system 100 are distributed across one or more 
networks in the cloud. FIG. 23 depicts a simplified diagram of 
a distributed system 2300 for providing a system and method 
for generating a rhythmic accompaniment according to some 
embodiments, according to an embodiment of the invention. 
In the embodiment depicted in FIG. 23, system 100 is pro 
vided on a server 2302 that is communicatively coupled with 
a remote client device 2304 via network 2306. 

Network 1306 may include one or more communication 
networks, which could be the Internet, a local area network 
(LAN), a wide area network (WAN), a wireless or wired 
network, an Intranet, a private network, a public network, a 
Switched network, or any other suitable communication net 
work. Network 2306 may include many interconnected sys 
tems and communication links including but not restricted to 
hardwire links, optical links, satellite or other wireless com 
munications links, wave propagation links, or any other ways 
for communication of information. Various communication 
protocols may be used to facilitate communication of infor 
mation via network 2306, including but not restricted to TCP/ 
IP, HTTP protocols, extensible markup language (XML). 
wireless application protocol (WAP), protocols under devel 
opment by industry standard organizations, Vendor-specific 
protocols, customized protocols, and others. In the configu 
ration depicted in FIG. 23, aspects of system 100 may be 
displayed by client device 2304. 

In the configuration depicted in FIG. 23, system 100 is 
remotely located from client device 2304. In some embodi 
ments, server 2302 may perform the accompaniment genera 
tion functions described herein. In some embodiments, the 
services provided by server 2302 may be offered as web 
based or cloud services or under a Software as a Service 
(SaaS) model. 

It should be appreciated that various different distributed 
system configurations are possible, which may be different 
from distributed system 2300 depicted in FIG. 23. The 
embodiment shown in FIG. 23 is thus only one example of 
generating a rhythm accompaniment and is not intended to be 
limiting. 

While the invention has been described with respect to 
specific embodiments, one skilled in the art will recognize 
that numerous modifications are possible. Thus, although the 
invention has been described with respect to specific embodi 
ments, it will be appreciated that the invention is intended to 
cover all modifications and equivalents within the scope of 
the following claims. 

The above disclosure provides examples and aspects relat 
ing to various embodiments within the scope of claims, 
appended hereto or later added in accordance with applicable 
law. However, these examples are not limiting as to how any 
disclosed aspect may be implemented, 

All the features disclosed in this specification (including 
any accompanying claims, abstract, and drawings) can be 
replaced by alternative features serving the same, equivalent 
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32 
or similar purpose, unless expressly stated otherwise. Thus, 
unless expressly stated otherwise, each feature disclosed is 
one example only of a generic series of equivalent or similar 
features. 
Any element in a claim that does not explicitly state 

“means for performing a specified function, or “step for 
performing a specific function, is not to be interpreted as a 
“means' or “step’ clause as specified in 35 U.S.C. S 112, sixth 
paragraph. In particular, the use of “step of in the claims 
herein is not intended to invoke the provisions of 35 U.S.C. 
S112, sixth paragraph. 

What is claimed is: 
1. A computer-implemented method comprising: 
storing musical elements in a database, the musical ele 

ments including a plurality of reference accent pattern 
data and a plurality of reference system pattern data; 

processing performance data including: receiving input 
data corresponding to a musical performance, determin 
ing an accent pattern for the musical performance; 
matching the accent pattern data to one or more refer 
ence accent pattern data in the database; and selecting 
one of the matching reference accent patterns; 

receiving input corresponding to: 
a selection of a musical style; and 
one or more musical performance parameters; and 

generating a musical accompaniment using the processed 
performance data, the selected musical style, and the 
Selected one or more musical performance parameters, 
wherein the musical accompaniment includes a plurality 
of musical elements configured in a predetermined 
Sequence. 

2. The method of claim 1 wherein the musical performance 
parameters includes one or more of: 

intensity; 
complexity; 
Swing; and 
focus. 
3. The method of claim 1 further comprising: 
processing musical arrangement data including markers 

indicating: 
a track; and 
one or more of a verse, chorus, bridge, break, into, or 

outro, wherein generating the musical accompani 
ment is further based on the musical arrangement 
data. 

4. The method of claim 1 wherein the musical accompani 
ment is a percussion-based musical accompaniment. 

5. The method of claim 1 wherein the database further 
includes: 

fills data; 
micro-timing data; and 
micro-dynamics data. 
6. The method of claim 5 wherein each of the plurality of 

musical elements are arranged with respect to a time-based 
reference, and wherein the micro-timing data includes 
instructions indicating time-shifting one or more musical ele 
ments with respect to the time-based reference. 

7. The method of claim 5 wherein micro-dynamics data 
includes stylistic embellishments of one or more of the plu 
rality of musical elements. 

8. A computer-implemented system, comprising: 
one or more processors; 
one or more non-transitory computer-readable storage 
mediums containing instructions configured to cause the 
one or more processors to perform operations including: 



US 9,012,754 B2 
33 

storing musical elements in a database, the musical ele 
ments including a plurality of reference accent pattern 
data and a plurality of reference system pattern data; 

processing performance data including: receiving input 
data corresponding to a musical performance, determin 
ing an accent pattern for the musical performance; 
matching the accent pattern data to one or more refer 
ence accent pattern data in the database; and selecting 
one of the matching reference accent patterns; 

receiving input corresponding to: 
a selection of a musical style; and 
one or more musical performance parameters; and 

generating a musical accompaniment using the processed 
performance data, the selected musical style, and the 
Selected one or more musical performance parameters, 
wherein the musical accompaniment includes a plurality 
of musical elements configured in a predetermined 
Sequence. 

9. The system of claim 8 wherein the musical performance 
parameters includes one or more of: 

intensity; 
complexity; 
Swing; and 
groove. 
10. The system of claim 8 further comprising instructions 

configured to cause the one or more processors to perform 
operations including: 

processing musical arrangement data including markers 
indicating: 

a track; and 
one or more of a verse, chorus, bridge, break, into, or outro, 

wherein generating the musical accompaniment is fur 
ther based on the musical arrangement data. 

11. The system of claim 8 wherein the musical accompa 
niment is a percussion-based musical accompaniment. 

12. The system of claim 8 wherein the database further 
includes: 

fills data; 
micro-timing data; and 
micro-dynamics data. 
13. The system of claim 12 wherein each of the plurality of 

musical elements are arranged with respect to a time-based 
reference, and wherein the micro-timing data includes 
instructions indicating time-shifting one or more musical ele 
ments with respect to the time-based reference. 

14. The system of claim 12 wherein micro-dynamics data 
includes stylistic embellishments of one or more of the plu 
rality of musical elements. 

15. A computer program product stored on a non-transitory 
computer-readable storage medium comprising computer 
executable instructions causing a processor to: 
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store musical elements in a database, the musical elements 

including a plurality of reference accent pattern data and 
a plurality of reference system pattern data; 

process performance data including: receiving input data 
corresponding to a musical performance, determining 
an accent pattern for the musical performance; matching 
the accent pattern data to one or more reference accent 
pattern data in the database; and selecting one of the 
matching reference accent patterns; 

receive input corresponding to: 
a selection of a musical style; and 
one or more musical performance parameters; and 

generate a musical accompaniment using the processed 
performance data, the selected musical style, and the 
Selected one or more musical performance parameters, 
wherein the musical accompaniment includes a plurality 
of musical elements configured in a predetermined 
Sequence. 

16. The computer program product of claim 15 wherein the 
musical performance parameters includes one or more of: 

intensity; 
complexity; 
Swing; and 
grOOVe. 
17. The computer program product of claim 15 further 

comprising computer-executable instructions causing the 
processor to: 

process musical arrangement data including markers indi 
cating: 
a track; and 
one or more of a verse, chorus, bridge, break, into, or 

outro, wherein generating the musical accompani 
ment is further based on the musical arrangement 
data. 

18. The computer program product of claim 15 wherein the 
musical accompaniment is a percussion-based musical 
accompaniment. 

19. The computer program product of claim 15 wherein the 
database further includes: 

fills data; 
micro-timing data; and 
micro-dynamics data. 
20. The system of claim 19 wherein each of the plurality of 

musical elements are arranged with respect to a time-based 
reference, and wherein the micro-timing data includes 
instructions indicating time-shifting one or more musical ele 
ments with respect to the time-based reference. 
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